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This manual provides basic programming and operating in- 
formation for the 1130 Computing System. The functional 
aspects of the System are explained in detail, and the oper- 
ational characteristics are described in terms of program 
instructions, input/output operations, and Central Process- 
ing Unit console displays and functions. Intended as a 
reference manual, the material presented assumes some 
prior knowledge of stored program computers. 
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PREFACE 


Intended primarily as a reference tool, this manual 
presents information on a level that requires a mini- 
mum of prior knowledge of stored-program computers. 
Some of the terms used in the following pages, how- 
ever, may be unfamiliar to the inexperienced. To 
avoid lessening the value of the book as a reference 
tool, explanations of terms are confined to the con- 
text of their use. 

The IBM publication, Introduction to IBM Data 
Processing Systems (Form F22-6517) provides an 
excellent introduction to the stored-program computer. 





This manual (Form A26-5881-2) is a reprint of the previous edition 
incorporating the following Technical Newsletters. 





Form No. Pages Date 
N26-0156 33 and 34 May 13, 1966 ; 
N26-0143 41, 42, and 42.1 to 42.8 July 25, 1966 


Copies of this and other IBM publications can be obtained through IBM Branch Offices, 


This manual was prepared by the IBM Systems Development Division, 
Product Publications, Dept. 455, Bldg, 014, San Jose, California 95114, 
Send comments concerning the contents of this manual to this address. 
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The IBM 1130 Computing System provides the capa- 
city and versatility to accomplish the engineering and 
scientific computations that formerly were possible 
only with large computer systems. The 1130 fulfills 
the ''seneral purpose" requirements of these areas 
with computing power well above previous systems in 
the same cost range. The 1130 Computing System 
can also handle supporting commercial data processing 
applications, 

The design of the 1130 System is oriented to the 
operator. Only a minimum of training and experience 
with computing systems is necessary to make the 1130 
usable by engineering and research personnel for sol- 
utions to problems in individual projects. In addition, 
programs and programming systems, supplied by 
IBM, relieve the user of detailed programming and 
provide for the statement of problems in familiar 
language. 

The compact, easily-operated 1130 System fea- 
tures the IBM 1131 Central Processing Unit (CPU) 
with core storage capacity of 4096 or 8192 16-bit 
words. An additional 512,000 words of storage is 
available on-line with the disk storage feature of the 
1181 Model 2. Disk storage provides random or se- 
quential access to data. The interchangeable disk 
cartridge places the required information at the dis- 
posal of the system and allows virtually unlimited off- 
line storage capacity. The CPU also includes a con- 


INTRODUCTION 


sole with data displays and switches for operator 
control, a keyboard for data entry, and a console 
printer. 

The basic 1130 System consists of the CPU and 
either the IBM 1442 Card Read-Punch or the IBM 
1134 Paper Tape Reader and the IBM 1055 Paper 
Tape Punch. To either of these configurations can 
be added: disk storage, additional (4096 words) core 
storage (total 8192), an IBM 1627 Plotter, and the 
IBM 1132 Printer, Paper tape or card units not 
already a part of the basic system can also be added. 

The IBM 1130 Computing System applications 
are varied and include some aspect of every indus- 
trial, financial, and governmental operation. In the 
aerospace, construction, engineering, and fabrica- 
tion and assembly industries, the 1130 can be used 
for complex mathematical problems, operation analy- 
sis and scheduling, estimating, equipment and 
machine design, simulation, and job cost analysis. 

In the processing industries, blending formulas, 
material balance, material evaluation, forecasting, 
and unit operations are a few of the applications suit- 
able for the 1130. 

Also, in many areas of the transportation, 
marketing, financial, insurance, utilities, and 
distribution fields, the 1130 System provides 
capability not previously available in a system of 
its size. 


FUNCTIONAL CHARACTERISTICS 


The ability of the IBM 1131 Central Processing Unit 

to ask for and accept input data, perform the calcu- 
lations required, and produce the output results de- 
sired, is due to the many functional elements of the 
machine. Each of these elements is explained in this 
section, and from these descriptions the CPU emerges 
as the sum of its parts — the nerve center of the com- 
puting system. 
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Figure 1, IBM 1131 Central Processing Unit * 


The descriptions that follow concern the storage 
of data and program instructions, the formats in 
which data and instructions are stored and used, 
functions of CPU registers, the fundamental arithme- 
tic operations and how they are performed, and the 
aspects of addressing core storage and attached input/ 
output (I/O) units. 


CORE STORAGE 


The 1131 main storage uses magnetic cores for data 
and program instruction storage. Core storage capac- 
ity is 4096 16-bit words; an additional 4096 words are 
available as a special feature. Each 16-bit word has 

2 additional bits, called Parity bits, which are used 
for internal data checking only. 

The main storage memory cycle (the time re- 

quired to place a word in core storage or retrieve it 
from core storage) is 3.6 psec. 


*NOTE: The illustrations in this manual have a code number in the 
lower corner, This is a publishing control number and is not re- 
lated to the subject matter, 


Addressing 


Each 16-bit word in core storage is locatable through 

an address that specifies the position of the word. 

Addresses range from 0000 to 4095 or 8191, accord- 

ing to the capacity installed. The high-order address a 
is contiguous with the low-order address. which pro- 

vides for "wrap-around" addressing. This means 

that in sequential processing of addresses, 4095 or 

8191 is followed by 0000 without further specification 

by the CPU. 





Reserved Storage Locations 


The following are core storage decimal addresses 
reserved for specific purposes and not available for 


general data storage. 
Core 
Tag Bits Storage Description 
Address 


-- Displacement 


0001 Index Register ] 
0002 Index Register 2 
0003 Index Register 3 
0008 - 0013 | Interrupt Addresses 
0032 - 0039 | Printer Scan Field 





The use of each of the foregoing addresses is 
described in the appropriate subsequent section of 
this manual, 


DATA FORMAT 


Data in the 1131 CPU is in fixed-point binary form. 
Each number is treated as a signed integer; positive 
numbers are in true binary with a sign of 0, and neg- 
ative numbers must be stored and operated upon in 
2's complement form with a sign bit of 1. Comple- 
menting is done by inverting each bit of the number 
(including the sign bit) and adding 1 to the low-order 
bit. The following example illustrates this. 


Positive number 0001101001001100 
Inverted 1110010110110011 
Add 1 1 


Resulting negative number 1110010110110100 


Data is stored as either a single precision word 
or a double precision word. A single precision data 
word comprises 16 bits; bit positions are numbered 
0 to 15 from left to right. The high-order bit (0) is 
the sign position. 


! 15 


Single Precision Data Word Format 


ra 


20070 


The largest base-10 (decimal) values of single 
precision words are +32,767 and —32,768. A double 
precision data word contains 32 bits, and is com- 
posed of two sequential single precision words. The 
high-order bit (0) is the sign position. 


Oo | 15 0 15 
Double Precision Data Word Format 
peace Even Address i Odd Address e228) 
(EA) (E Atl ) 
[20071] 


A double precision data word is addressed by the 
leftmost word, which must have an even address. 

The highest base-10 values of double precision 
data words are +2, 147, 483,647 and —2, 147, 483, 648. 
The largest positive number (2°1_1) is one less than 
the largest negative number (231) because the sign 
(0 for plus, 1 for minus) is, arithmetically, part of 
the number. 

All CPU storage is in binary form, and inter- 
nal addressing and console displays are in 16-bit 
binary notation, Because of the ease of operation 
with 16-bit words in the hexadecimal number system 
(base—16), all programming systems for the IBM 
1130 Computing System use this notation. 

Figures 2 and 3 show comparable values of deci- 

mal and hexadecimal number systems, Space 
obviously does not permit a complete listing; there- 
fore, the value of each power of 2 through 2°*—1 and 
231_ 1 are shown. The binary and hexadecimal num- 
ber systems are described in Appendix A. Tables 
for conversion of decimal and hexadecimal numbers 
are in Appendix F, Hexadecimal numbers greater 
than the range of the table can be converted to deci- 
mal numbers by multiplying their factors. For ex- 
ample, 2 and 10 are factors of 20. As shown in the 
conversion table, the decimal equivalents of these 
two hexadecimal factors are 2 and 16. Their product 
is, of course, 32 which is the decimal equivalent of 
hexadecimal 20. 


INSTRUCTION FORMATS 


Program instructions in the 1130 System are in 
either short or long format. 


Positive Binary Values 


Absolute Values Negative Binary Values 


Hexa- 

decimal 
Notation 

Base-16 


Decimal 
Notation 
Base-10 


Bit Positions 


W111 
0123 4567 8901 2345 


Bit Positions 
111111 
0123 4567 8901 2345 


Powers of 2 


0000 0000 0000 0000 
0000 0000 0000 0001 
0000 0000 0000 0010 
0000 0000 0000 0100 


6000 0000 0000 1000 
0000 0000 0001 0000 
0000 0000 0010 0000 
0000 0000 0100 0000 


0000 0000 1000 0000 
0000 0001 0000 0000 
0000 0010 0000. 0000 
0000 0100 0000 0000 


0000 1000 0000 0000 
0001 0000 0000 0000 


No negative zero 
W171 0077 1071 
17127:7771 7110 
1111 1171 1100 


1111 1111 1000 
1111 1711 0000 
1117 1110 0000 
1111 1100 0000 


11117 1000 0000 
1111 0000 0000 
1110 0000 0000 
1,024 1100 0000 0000 


2,048 1000 0000 0000 
4,096 1 0000 0000 0000 
0010 0000 0000 0000 8,192 10 0000 0000 0000 
0100 0000 0000 0000 16,384 1100 0000 0000 0000 


O10 11711909 1101 32,767 1000 0000 0000 0001 
No positive equivalent 32, 768 1000 0000 0000 0000 


—_ 
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Figure 2. Value Ranges, Single Precision Word 


Short Instruction Format 


4567 8 15 


0 
[oF eee | 


Short Instruction Format 


OP (Operation) Code. These five bits specify the op- 
eration performed. Specific operations are described 
in the OPERATION section of this manual. 


F (Format). The F bit controls the instruction for- 
mat. A zero (0) indicates a short instruction format, 
a one (1) designates a long instruction format. 


T (Tag). These two bits specify the instruction 
counter or index register (XR) to be used for Effec- 
tive Address generation. 


Displacement. The data contained in these eight bits 
is added to the data in the instruction counter or index 
register specified by the tag bits to form the Effective 
Address (EA), (The EFFECTIVE ADDRESS GENER- 
ATION section of this manual describes this and other 
aspects of address modification.) If the displacement 
amount is negative it is in 2's complement, and the 
sign, in bit position 8,is maintained in the resulting 
high-order position when the Displacement is expanded 
to 16 bits for address modification. 


NOTE: Displacement bits have other uses; for ex- 
ample, bits 8 and 9 are used as shift modifiers, 
etc. 


Absolute Values Negative Binary Values 


Hexidecimal 
Notation 
Base - 16 


Positive Binary Values 


Bit Positions 


111101 1191 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


Bit Positions 


11.1717 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


Decimal 
Notation 
Base - 10 


Powers of 2 


0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0001 
0000 0000 0000 0000 0000 0000 0000 0010 
0000 0000 0000 0000 0000 0000 0000 0100 


0000 0000 0000 0000 0000 0000 0000 1000 
0000 0000 0000 0000 0000 0000 0001 0000 
0000 0000 0000 0000 0000 0000 0010 0000 
0000 0000 0000 0000 0000 0000 0100 0000 


0000 0000 0000 0000 0000 0000 1000 0000 
0000 0000 0000 0000 0000 0001 0000 0000 256 
0000 0000 0000 0000 0000 0010 0000 0000 512 
0000 0000 0000 0000 0000 0100 0000 0000 1,024 


0000 0000 0000 0000 0000 1000 0000 0000 2,048 
0000 0000 0000 0000 0001 0000 0000 0000 
0000 0000 0000 0000 0010 0000 0000 0000 
0000 0000 0000 0000 0100 0000 0000 0000 


0000 0000 0000 0000 1000 0000 0000 0000 
0000 0000 0000 0001 9000 0000 0000 0000 
0000 0000 0000 0010 0000 0000 0000 0000 
0000 0000 0000 0100 0000 0000 0000 0000 


0000 0000 0000 1000 0000 0000 0000 0000 
0000 0000 0001 0000 0000 0000 0000 0000 
0000 0000 0010 0000 0000 0000 0000 0000 
0000 0000 0100 0000 0000 0000 0000 0000 


0000 0000 1000 0000 0000 0000 0000 0000 


OMNI AMRW HO—O I 


4,096 
8,192 
16, 384 


32, 768 
65,536 
131,072 
262, 144 


524, 288 
1,048,576 
2,097, 152 
4,194,304 


8,388, 608 


No negative zer 
W17:7171 1117 :4771 
W141171 W111 
11427171 W1171171 


111 1111411 
1417 417) 


11177 1113 1110 0000 
1171 1111 1100 0000 


1111 1111 1000 0000 
100 1111 1111 0000 0000 
200 1111 1110 0000 0000 
400 1111 1100 0000 0000 


800 1111 1000 0000 0000 
1,000 11117 0000 0000 0000 
2,000 1110 0000 0000 0000 
4,000 1100 0000 0000 0000 


8,000 1000 0000 0000 0000 
10, 000 1141 0000 0000 0000 0000 
20, 000 1110 0000 0000 0000 0000 
40,000 1100 0000 0000 0000 0000 


80, 000 1000 0000 0000 0000 0000 
100, 000 0000 0000 0000 0000 0000 
200, 000 1110 0000 0000 0000 0000 0000 
400, 000 1100 0000 0000 0000 0000 0000 


800, 000 1000 0000 0000 0000 0000 0000 





0000 0001 0000 0000 0000 0000 0000 0000 
0000 0010 0000 0000 0000 0000 0000 0000 
0000 0100 0000 0000 0000 0000 0000 0000 


0090 1000 0000 0000 0000 0000 0000 0000 
0001 0000 0000 0000 0000 0000 0000 0000 
0010 0000 0000 0000 0000 0000 0000 0000 
0100 0000 0000 0000 0000 0000 0000 0000 
OVW VVVT VVT7 1V0dT 1097 9007 1097 1077 


No positive equivalent 


16,777,216 
33,554, 432 
67, 108, 864 


134, 217, 728 
268, 435, 456 
536,870,912 
1,073, 741,824 


2, 147, 483, 647 
2, 147,483, 648 


1,000, 000 
2,000, 000 
4,000, 000 


8, 000, 000 
10, 000, 000 
20, 000, 000 
40, 000, 000 


7F, FEF, FFF 
80,000, 000 


1111 0000 0000 0000 0000 0000 0000 
1110 0000 0000 0000 0000 0000 0000 
1100 0000 0000 0000 0000 0000 0000 


1000 0000 0000 0000 0000 0000 0000 
1111 0000 0000 0000 0000 0000 0000 0000 
1110 0000 0000 0000 0000 0000 0000 0000 
1100 0000 0000 0000 0000 0000 0000 0000 


1000 0000 0000 0000 0000 0000 0000 0001 
1000 0000 0000 0000 0000 0000 0000 0000 





Figure 3, Value Ranges, Double Precision Word 
Long Instruction Format 


0 4 5678 15 0 15 


Long Instruction Format 
200754 


The first eight bit positions of the long instruction 
are the same as the short format. The remaining bit 
positions of this double precision word are used as 
follows. 


IA (Indirect Address). A zero indicates a direct ad- 
dress (contained in the second word). A 1-bit in this 
position designates an indirect address, which is 
described in the EFFECTIVE ADDRESS GENER- 
ATION section. 


Modifier Bits. Bit positions 9 through 15 have var- 
ious uses as modifiers and are described under the 
applicable instructions. 


200734 


Address. These 16 bits contain the address which 
may be used in its current form or modified by in- 
direct addressing and/or EA modification. 


REGISTERS 


The CPU has auxiliary storage areas, called regis- 
ters, that are used to store data during the perfor- 
mance of operations directed by the stored program. 
Each register has a distinct purpose and is concerned 
with a specific type of data. Closely interrelated, 
they provide the CPU with the necessary functions to 
provide the results required. 


Index Registers 

Index registers are located in core storage and are 
used to contain data added to an instruction to provide 
an effective address. Ina short instruction, the 


amount in the displacement field of the instruction 
is added to the amount in the index register speci- 
fied by the tag bits (6 and 7). The result becomes 
the effective address used by the instruction in the 
operation specified by the OP code. These opera- 
tions and the functions of the EA are explained more 
fully in the OPERATION section. 


Register Instruction Code Core Storage 
Number in Bits 6 and 7 Location 

1 01 0001 

2 10 0002 

3 11 0003 


Machine Registers 


The ten registers in the CPU are basic to the sys- 
tem and are functional elements of the CPU. Each 
register operates as necessary to enable the CPU 

to provide the results specified by the program. 

The abbreviation for each register name is the desig- 
nation by which it is usually identified. 


ACC (Accumulator). This 16-bit register contains 
the result of an arithmetic operation. It can be 


loaded from or stored in core storage, shifted right 
or left, and otherwise manipulated by specific arith- 
metic and logical instructions. 


EXT (Accumulator Extension). This 16-bit register 


is the low-order extension of the ACC. It is used 
during multiply and divide operations, shifting of the 
ACC and EXT, and double-word arithmetic. 


TAR (Temporary Accumulator). This 16-bit register 


is the image of the ACC and is used to store the con- 
tents of the ACC during effective address compu- 
tation. 


AFR (Arithmetic Factor Register). This 16-bit 


register holds one operand during arithmetic and 
logical operations. (The other operand is provided 
by the ACC.) 


SBR (Storage Buffer Register). This 16-bit register 


is the buffer between the CPU and core storage, and 
every word of data transferred into or out of core 
storage passes through the SBR. 


SAR (Storage Address Register). This 14-bit regis- 


ter contains the address pertaining to each reference 
to a core storage word. 


IAR (Instruction Address Register). This 14-bit 


register holds the address of the next sequential 
instruction. 


OP (Operation Register), This 5-bit register holds 
the OP code of the instruction being performed. 


TAG (Operation Tag Register). This 3-bit register 


contains the F and T bits of the instruction. It con- 
trols the instruction length and selects the index 
register, 


CCC (Cycle Control Counter), This 6-bit register is 
used primarily to count CPU cycles and control shift 
operations. 


ARITHMETIC FUNCTIONS 


The arithmetic functions of the 1131 CPU are addition, 
subtraction, multiplication, and division. Results of 
arithmetic operations are algebraic. The correct 
sign is maintained as part of each operation. 

Data is stored in the CPU in binary form; posi- 
tive quantities have a plus sign (0) in the high-order 
position of the word and negative quantities have a 
minus sign (1) in the high-order position. Negative 
numbers are stored and operated upon in 2's comple- 
ment form. 

Addition and subtraction can be done in either 
single or double precision. Multiplication operates 
with single precision multiplier and multiplicand and 
provides a double precision product. In division, the 
dividend is double precision and the divisor and quo- 
tient are single precision. 

Each arithmetic operation is described in detail 
under the specific program instruction in the OPERA- 
TION section. 


Indicators 


The two indicators associated with the ACC are the 

Overflow and Carry indicators. Each can be turned 
on irrespective of the other. The conditions of the 

indicators are explained under each instruction. 


Carry Indicator. The Carry indicator is ON if the last 
position shifted out of the high-order position of the 
ACC contains a 1-bit. This indicator is reset for each 
add, subtract, or shift-left operation; it facilitates 
multiple precision (beyond double word) arithmetic. 


Overflow Indicator. This indicator is turned on by an 
add, subtract, or divide operation when the result 
exceeds the capacity of the ACC or by a Load Status 
instruction in which the word at the EA has a one in 


bit position 15. The Overflow indicator can be turned 
off only by program test, a Store Status instruction, 
or a Load Status instruction in which the word at the 
EA has a zero in bit position 15. 


EFFECTIVE ADDRESS GENERATION 


As has been noted previously, the location of a 16- 
bit single precision word or a 32-bit double precision 
word is denoted by a binary address. The range of 
addresses, expressed in decimal numbers, is 0000 
through 4095 or 8191. Most of the program instruc- 
tions, which are explained in the OPERATION sec- 
tion, instruct the CPU to obtain the data at a speci- 
fied location and perform a certain operation on it. 
For example, an Add instruction could say, in effect, 
add the amount stored at location 1904 to the amount 
in the accumulator and leave the result in the accum- 
ulator. 

The location 1904 is the effective address of the 
data referred to by the instruction. 

It is part of the versatility of the 1131 CPU that 
the address in the instruction being executed can be 
modified as a specific occasion requires. As the 
result of a particular computation, for example, one 
of several courses may be indicated. Computation 
of the effective address of the location of the next 
instruction or of the next data worked on allows the 
CPU to proceed according to the predetermined 
course of action. The factors involved in computing 
the effective address are described in the following 
paragraphs. 


Short Instruction 


The short instruction displacement field contains the 
amount that is added to a specified figure to achieve 
the EA (effective address). The Tag bits of the in- 
struction designate the other factor. See Figure 4. 


IAR. Tag bits of 00 indicate that the displacement is 
added to the IAR to form the effective address. The 


F=0 =1, 1A =0 F=1,1A=1] 


(Direct (Direct (Indirect 
Addressing) 


Addressing) 
EA = Disp + !AR | EA = Add EA = C/Add 
EA = Disp + XR1 | EA = Add + XR1 | EA =C/Add + XR1 
EA = Disp + XR2 | EA = Add + XR2 | EA =C/Add + XR2 
EA = Disp + XR3 | EA = Add + XR3 | EA =C/Add + XR3 


Addressing) 


Disp = Contents of Displacement field of instuction. 
Add = Contents of Address field of instruction. 
C =Contents of Location specified by Add or Add + XR. 





Figure 4, Determination Effective Address 


IAR contains the address of the next or immediately 
following instruction. 


Index Registers. The three Index registers can also 
be used to modify the displacement to form the effec- 
tive address. Tag bits of 01, 10, or 11 designate 
Registers 1, 2, or 3. Again, the contents of the speci- 
fied register, added to the displacement, form the 
effective address. 


Long Instruction 


Long instructions are modified in much the same way 
as short instructions with the added versatility of in- 
direct addressing. See Figure 4. 


Direct Addressing. In the long instruction, a direct 
address is indicated by a 0 in the IA field. The effec- 
tive address is governed by the contents of the Tag 
field. Tag bits of 00 indicate that the Address field 

of the instruction contains the effective address, which 
requires no modification. Tag bits of 01, 10, or 11 
specify that the contents of the Address field are added 
to Index Register 1, 2, or 3, respectively, to form 
the EA, 


Indirect Addressing. A 1-bit in the IA field of the 
instruction signifies that addressing is indirect, i.e., 
the Address field of the instruction contains the ad- 
dress of the location in memory that contains the EA 
significant to the accomplishment of the instruction. 
The indirect address can be the contents of the Ad- 
dress field of the instruction (T = 00), or it can be 
modified by being added to an index register (T = 01, 
10, or 11). As an example (Figure 5), the indirect 
address is 0914. The CPU goes to that address and 
finds the contents of the location to be 2719. The 
EA, then, is 2719. This provides one more level of 
modification of a given address and provides more 
versatility in programming for variaticns to the 
main line program. 


0 4 8 1§ 0 15 
OP Code fool], foo 00011 10010010 


Double Word Instruction see 


To Core Storage ae 


. 7 Location 0914 
0000101010011111 


\ 
To Core Storage 
Location 2719 


Data Used By Instruction 


2719 
Figure 5. Indirect Addressing 





The IBM 1130 instruction set (Figure 6) comprises 
24 individual instructions divided into five classes. 
Modifications of these instructions enable additional 
operations. In the descriptions that follow, the name 
of the instruction is followed by the mnemonic sym- 
bols, the binary representation of the operation 
code, and execution times. 


LOAD AND STORE INSTRUCTIONS 


Load ACC (LD-11000) 


The contents of the memory location specified by the 
EA replace the contents of the ACC. The contents 
of the memory location are unchanged. 

The Carry and Overflow indicators are not 
affected. 


Load Double (LDD-11001) 


The contents of the memory locations specified by 
the EA and EA + 1 are loaded into the ACC and EXT, 
respectively. This instruction provides a double- 
word load for use with double-word arithmetic. The 
EA must be even for correct operation. If the EA 
is odd, the contents of that location are loaded into 
both the ACC and EXT. The contents of the memory 
location are not changed. 

Carry and Overflow indicators are not affected. 


Store Accumulator (STO-11010) 


The contents of the ACC replace the contents of the 
memory location specified by the EA. The contents 
of the ACC are not changed. 

The Carry and Overflow indicators are not 
affected. 


Store Double (STD-11011) 


The contents of the ACC and EXT replace the con- 
tents of the memory locations specified by the EA 
and EA+1. This instruction provides a double- 
word store for use with double-word arithmetic. 
The EA must be even for correct operation. If the 
EA is odd, the contents of the ACC are stored at the 
EA and the contents of the EXT are not stored. The 
contents of the ACC and EXT are not changed. 

The Carry and Overflow indicators are not 
affected. 


OPERATION 


Load Index (LDX-01100) 


The contents of the register specified by the Tag bits 
of the instruction are replaced by the data specified. 
In the short instruction (F = 0), the register is loaded 
with the Displacement. In the long instruction (F = 1) 
the register is loaded with the Address (IA = 0) or the 
contents of the memory location specified by the Ad- 
dress (IA= 1). 


0) 4F 8 15 


EXPOS a Ca 
us 


LDX 
00 ~ TAR 
Ol - XRI 
10 - XR2 
TT - XR3 


20078 


A Tag of 00 results in an unconditional branch 
to the address loaded into the IAR, 

The Carry and Overflow indicators are not 
affected. 


Store Index (STX-01101) 


The contents of the register specified by the Tag bits 
are stored in the memory location specified by the 
EA. (See the table under Load Index for Tag bit 
codes.) The contents of the register are not changed. 

The Carry and Overflow indicators are not 
affected. 


Store Status (STS-00101) 


The status of the Carry and Overflow indicators are 
stored in bits 14 and 15, respectively, of the word 
at the EA. Bits 0-7 of the storage word remain un- 
changed; bits 8-13 are reset to zeros. The status 
of each indicator is reflected by storing a 1-bit if the 
indicator is ON and a 0 if the indicator is OFF. 

The Carry and Overflow indicators are reset as 
a result of the operation. 


NOTE: The word in memory in which the status of 
the indicators is stored is normally the next Load 
Status instruction, the description of which follows. 


Load Status (LDS-00100) 


This instruction is always in the short format (F=0). 
The Carry and Overflow indicators are set to the 






Execution Times (in microseconds) 
Single Word (F = 0) Double Word (F = 1) 
; ; Binary 
Instruction Mnemonic OP Code 
T =00 T =01,10,or 11 T =00 T= 01,10, of 11 
. @ ® ® ® 
Avg. | Max. | Avg. | Max. Avg. } Max. Avg. Max. 














Load and Store 
Load ACC 
Load Double 
Store ACC 

Store Double 
Load Index 
Store Index 
Load Status* 
Store Status 


Arithmetic 























Add 8.0 11.7 15.3 
Add Double 12.2 8 3 
Subtract 8.0 sf 3 
Subtract Double 12.2 8 3 
Multiply 25.7 3 9 
Divide 76.0 .6 ae 
And 7.6 .2 8 
Or 7.6 <2 8 
Exclusive Or .6 2 8 








Modifier Bits 8 & 9: 
Shift Left ACC 00 
Shift Left ACC and EXT 10 
Shift Left and Count ACC 01 
Shift Left and Count ACC 

and EXT 1] 
Shift Right* Modifier Bits 8 & 9: 






Shift Left* 
SLA @ 
SLI @ 

SLCA @ 
























@®stc @ 











Shift Right ACC 00 or 01 SRA @ 

Shift Right ACC and EXT 10 SRT @ 

Rotate Right in| RTE @ 
Branch 











Branch and Store [AR 
Branch or Skip on Condition 
Modify Index and Skip 
Wait* 
Input,/Output 
Execute I/O 


* Valid in short format only 


NOTES: 

l Indirect addressing, where applicable, 6 N >16: 7.2 + .45(N-19) 
adds 3.6 psec to execution time N<16: 7.2 + .45(N-4) 

2 If branch is taken where N=number of position shifted 

3 3.6 + .45(N-4) 7 Indirect addressing not allowed 

4 7.2 + .45(N-4) 8 lf T=00, functions as SLA or SLT 

5 N >16: 3.6 + .45(N-19) 9 All unassigned OP codes are defined as Wait operations 
N<16: 3.6 + .45(N-4) 10 \f X1O Read or Write, add 3.6 psec 


Figure 6, 1130 Instruction Set and Execution Times 





conditions indicated by bits 14 and 15, respectively, 
of the instruction. A 1 sets the indicator to the ON 
condition; a 0 sets it to the OFF condition, 

The Carry and Overflow indicators are set 
according to the bits in positions 14 and 15, 


NOTE: The Load Status instruction is the word in 
memory in which the status of the indicators is 
stored by the previous (Store Status) instruction, 


ARITHMETIC INSTRUCTIONS 


Add (A-10000) 


The contents of the memory location specified by 
the instruction are added algebraically to the con- 
tents of the ACC. Negative data is in 2's comple- 
ment form. The sum replaces the contents of the 
ACC. The contents of the memory location remain 
unchanged. 

The Overflow indicator is turned on if the sum 
is greater than the capacity of the ACC, 245_1 or 
—215_ If the indicator is ON when the overflow 
occurs, it is not changed. 

The Carry indicator is set by a carry out of the 
high-order bit position of the ACC, The Carry indi- 
cator is dynamic and is conditioned for each ADD 
instruction. 


Add Double (AD-10001) 


The contents of the memory locations at EA and EA 
+ 1 are added algebraically to the contents of the 
ACC and EXT. Negative data is in 2's complement 
form. This instruction provides double-word addi- 
tion in which the ACC and EXT are considered as 
one 32-bit accumulator. The sum replaces the con- 
tents of the ACC and EXT; the contents of the mem- 
ory locations are not changed. The EA must be 
even for correct operation. If the EA is odd, the 
contents of that location are added to both the ACC 
and EXT. 

The Carry and Overflow indicators are affected 
as in the Add instruction (for the two word result, 
or course). 


Subtract (S-10010) 


The contents of the memory location specified by 
the instruction are directly subtracted from the con- 
tents of the ACC. The result replaces the contents 
of the ACC, The contents of the memory location 
are not changed, 

The Carry and Overflow indicators are affected 
as in the Add instruction. The Carry indicator, if 
on, reflects a borrow condition. 


Subtract Double (SD-10011) 


The contents of the memory locations at EA and 
EA + 1 are subtracted from the contents of the ACC 
and EXT. This instruction provides double-word 
subtraction in which the ACC and EXT are con- 
sidered one 32-bit accumulator. The difference 
replaces the contents of the ACC and EXT; the 
contents of the memory location are not changed. The 
EA must be even for correct operation. If the EA is 
odd, the contents of that location are subtracted from 
both the ACC and EXT. 

The Carry and Overflow indicators are affected 
in the same way as in the Subtract instruction. 


Multiply (M-10100) 


The contents of the memory location specified by the 
instruction (the multiplicand) is multiplied algebra- 
ically by the contents of the ACC (multiplier). The 
32-bit product replaces the contents of the ACC: and 
EXT. Bit 15 of the EXT is the low-order bit, and 
bit 0 of the ACC is the high-order bit. Contents of 
the memory location are unchanged. 

The Carry and Overflow indicators are not 
affected, 


NOTE: The largest product that can be developed is 
230 | whieh results from multiplier and multiplicand 
of —2 


Divide (D-10101) 


The contents of the ACC and EXT are considered a 
32-bit, double word dividend, divided by the contents 
of the memory location specified by the instruction. 
The quotient replaces the contents of the ACC and the 
remainder, which carries the sign of the dividend, 

is placed in the EXT, 

The Overflow indicator is turned ON by an at- 
tempt to divide by zero or by a quotient overflow, 
which occurs when the quotient exceeds the range of 
—215 to 215_1, An overflow causes the ACC and 
EXT to be left in an undefined state. 


Logical AND (AND-11100) 


The contents of the memory location specified by the 
instruction are ANDed, bit-by-bit, with the contents 
of the ACC; the results replace the contents of the 
ACC. The contents of the memory location remain 
unchanged. 

The AND operation compares each bit position 
of two words (fields) and places a 1-bit in the result 
field (ACC) position if both fields contain a 1-bit in 
that position. The table that follows illustrates the 


four possible bit combinations in the same bit posi- 
tion of two ANDed words. 


Memory ACC Result 


0 ————______>- eT! 0 


ee on 0 
0 
1 


Ke OF © 


0 
, ————_—__> 
1. ——____—__> 


The Carry and Overflow indicators are not af- 
fected. 


Logical OR (OR-11101) 


The contents of the memory location specified by 
instruction are ORed, bit-by-bit, with the contents 
of the ACC. The results replace the contents of the 
ACC; the contents of the memory location are un- 
changed. 

The OR operation compares each bit position of 
two words (fields) and places a 1-bit in that position 
of the result field (ACC) if either field contains a 1- 
bit in that position. The table that follows illus- 
trates the four possible bit combinations in the 
same bit position of the two ORed fields. 





Memory ACC Result 


SSS 0 Se 
0 ——_____» ] ——____ > 1] 
1 —————_ > 0 ——— > 1 
1 ————__— > ] ———__» 1 


The Carry and Overflow indicators are not 
affected. 


Logical Exclusive OR (EOR-11110) 


The contents of the memory location specified by 
the instruction are exclusive-ORed, bit-by-bit, 
with the contents of the ACC. The result replaces 
the contents of the ACC; the contents of the memory 
location are unchanged. 

The exclusive-OR operation compares each 
bit position of two words (fields) and places a 1-bit 
in that position of the result field (ACC) if either 
field, but not both, contains a 1-bit in that position. 
The table that follows illustrates the four possible 
bit combinations in the same bit position of the two 
exclusive ORed fields. 
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Memory ACC Result 


ere oO © 
i 
= 


The Carry and Overflow indicators are not 
affected. 


SHIFT INSTRUCTIONS 


All shift operations are in the short format 
(F=0) only. Each of the three Shift Right and 
four Shift Left instructions is defined by bits 

8 and 9 of the basic Shift Right and Shift Left 
instructions. Except for the Shift Left and 
Count instructions, the number of positions 
shifted is controlled by the field specified by 
the Tag bits, as shown by the table that follows. 
(XR is the abbreviation for index register.) 


Tag Shift Controlled By 
Bits Low-Order Six Bits 
00 Displacement 
01 XR1 
10 XR2 
11 XR3 


If the shift count is zero in the control field 
addressed, the instruction performs as a No-OP, 
and the Carry indicator is not affected. 


Shift Left ACC (SLA-00010) 
Bits 8 & 9 = 00 


The ACC is shifted left the number of positions 
specified by the shift count, and vacated (low- 
order) bit positions are set to 0. The EXT is 
not affected. 

The condition of the Carry indicator is de- 
termined by the contents of the last bit position 
shifted out of the ACC. The Carry indicator is 
turned ON by a 1-bit in the last position shifted 
out of the high-order position of the ACC; it is 
turned OFF by a0. The Overflow indicator is 
not affected. 


Shift Left ACC and EXT (SLT-00010) 


Bits 8 & 9 = 10 


The. ACC and EXT are shifted left (as a 32-bit 
double word) the number of positions specified 





by the shift count, and vacated bit positions are set 
to 0. 

The Carry and Overflow indicators are affected 
as in the Shift Left ACC instruction. 


Shift Left and Count ACC (SLCA-00010) 
Bits 8&9 =01 


Tag bits of 00 cause this instruction to be executed 
the same as a Shift Left ACC instruction. Tag bits 
of 01, 10, or 11 cause the six low-order bits of the 
designated register to be transferred to the CCC 
(Cycle Control Counter) as a shift count. The count 
is decremented by one for each position the ACC is 
shifted to the left. The shift is terminated by a 1- 
bit being shifted into the high-order position of the 
ACC or the CCC being decremented to zero. The 
decremented count is loaded into the six low-order 
positions of the index register. Bit positions 0-7 of 
the index register are not affected. 

The Carry indicator is turned ON if the shift is 
terminated by a 1-bit in the high-order of the ACC. 
It is turned OFF if the shift is terminated by the CCC 
being decremented to zero. If a 1-bit in the high- 
order position of the ACC coincides with the CCC 
being decremented to zero, the Carry indicator is 
turned OFF. 

The Overflow indicator is not affected. 


NOTE: If the count (n) is decremented to zero, a 
shift left n positions has occurred. If the count is 
initially zero or if the sign bit is initially a 1 bit, 
the instruction performs as a No-op. 


Shift Left and Count ACC and EXT (SLC-00010) 
Bits 8 &9=11 


This instruction is the same as the Shift Left and 
Count ACC instruction, except that both the ACC and 
EXT are shifted. The high-order bits of the EXT 
are shifted into the low-order positions of the ACC, 
and the vacated low-order positions of the EXT are 
set to zero. 

The Carry and Overflow indicators are the same 
as for the Shift Left and Count ACC instruction. 


Shift Right ACC (SRA-00011) 
Bits 8 & 9 =00or 01 


The ACC is shifted right logically the number of 
positions specified by the shift count. Low-order 
bits shifted out are lost; high-order positions 
vacated are set to zeros. The EXT is not affected. 


The Carry and Overflow indicators are not 
affected, 


Shift Right ACC and EXT (SRT-00011) 
Bits 8 & 9 = 10 


The ACC and EXT are shifted right arithmetically 
(asa 32-bit double word) the number of positions 
specified by the shift count. The value of the sign- 
bit (position 0 of the ACC) is entered in all vacated 
positions. Low-order bits of the EXT are shifted 
out and lost. 

The Carry and Overflow indicators are not 
affected. 


Rotate Right ACC and EXT (RTE-00011) 
Bits 8&9=11 


The ACC and EXT are shifted right (as a 32-bit 
double word) the number of positions specified by 
the shift count. In effect, a continuous loop is 
formed, so that the high-order positions of the ACC 
pick up the bits shifted out of the low-order positions 
of the EXT. For example, if the shift count is three, 
all positions of the ACC and EXT shift three positions 
to the right, and the values of EXT bit positions 138, 
14, and 15 are put in ACC bit positions 0, 1, and 2. 
The Carry and Overflow indicators are not 
affected. 


BRANCH INSTRUCTIONS 


Branch instructions provide the means for departing 
from a sequential series of instructions, by testing 
to determine if a stated condition or combination of 
conditions exists, and returning to the point from 
which the departure was made. 


Branch or Skip on Condition (BSC-01001) 


Six separate conditions of the ACC can be tested by 
placing a 1-bit in the appropriate bit position of the 
instruction. The bit positions and corresponding 
conditions tested for are contained in the table that 
follows. 


Bit Position ‘Condition 
15 Overflow indicator OFF 


14 Carry indicator OFF 
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Bit Position Condition 
13 ACC contents even 
12 ACC positive, not zero 
11 ACC negative 
10 ACC zero 


The contents of the ACC are not changed by testing. 
Short Instruction Format (F = 0) 


If any one of the conditions specified by the in- 
struction is true, the program skips over the 
next word in memory and goes to the second word 
in sequence. This means that a BSC instruction 
in the short format must always be followed by a 
short-format instruction. If an instruction in the 
long format were to follow, a skip would send the 
program to the second word of the instruction, 
and a programming error would result. 

If none of the conditions is true, the next se- 
quential instruction is executed. 

If bit positions 10 through 15 contain zeros 
(no condition tested), the instruction performs 
as a No-Op. 


Long Instruction Format (F = 1) 


When none of the conditions specified is true, the 
program branches to the EA, If any one of the 
conditions is true, the next sequential instruction 
is executed. 

If no condition is specified, the program 
branches to the EA, This allows the long format 
of the BSC instruction to be used as an uncon- 
ditional branch. An explanation of the computa- 
tion of the EA is contained in the section, Effective 
Address Generation. When this instruction speci- 
fies an indirect address (IA = 1), it enables a re- 
turn to the program routine from which the CPU 
departed to accomplish a subroutine. Thisis ac- 
complished by making the indirect address in 
this instruction identical to the EA of the Branch 
and Store IAR instruction that effected the branch. 


Programming Note. When an interrupt request 
has been detected by a priority level, the pro- 
gram is directed to service the request by inter- 
rupting. During the servicing, all interrupt re- 
quests of equal or lower status are effectively 
constrained from interrupting while the servic- 
ing of the higher priority is in progress. How- 
ever, if a request is detected for a higher 
priority level than is presently in progress, the 
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program is immediately interrupted again. This 
is frequently called Nesting of Interrupts. 

At the completion of servicing any level of 
interrupt, it is necessary to signal the priority 
hardware to reset the priority-status of the 
highest level that is on. This reset permits lower 
priority requests, including those that may have 
been temporarily constrained but recorded, to be 
accepted once again by the CPU. This is effected 
by making Bit 9 = 1 in this instruction. This 
programmed recognition of waiting interrupts 
should not be confused with a normal subroutine 
linkage back to a mainline program in which Bit 9 
should be set to zero. 

The BSC is a conditional instruction, and when 
Bit 9 = 1, the interrupt level is reset only when the 
branch or skip occurs. 


Indicators 
The Overflow indicator is reset when tested by the 


BSC instruction; the Carry indicator is not reset 
by testing. 


_Branch and Store IAR (BSI-01000) 


The BSI instruction can be used in either the short 
or long format. 


Short Instruction Format (F = 0) 


The contents of the IAR (the location of the next se- 
quential instruction) are stored at the EA of the BSI 
instruction. The JAR is then set to the EA +1, 
which becomes the location of the next instruction 
executed. For example, assume that the BSI in- 
struction is at memory location 0500 and that the EA 
generated is 0600. Execution of the BSI instruction 
stores 0501 at memory location 0600 and branches to 
0601, which is the location of the next instruction. 


Long Instruction Format (F = 1) 


In the long format, the BSI instruction branches 
conditionally under the same circumstances as 
the BSC instruction. The conditions to be tested 
are designated by bit placement in Bits 10-15, 

as shown by the table in the description of the BSC 
instruction. If none of the conditions is true, the 
contents of the IAR are stored at the EA and 
execution of the instruction proceeds as described 
for the short format. If one dr more of the con- 





-ditions is true, the next sequential instruction 


is executed, 





Indicators 


In the short format, the Carry and Overflow indi- 
cators are not affected; in the long format, the 
Overflow indicator is reset when tested. The 
Carry indicator is not reset. 


Modify Index and Skip (MDX-01110) 


This instruction can be used to modify an index 
register, the IAR, or the contents of a word in 
memory. Except as noted, a skip occurs only if 
the index register or memory word being modi- 
fied changes sign or is zero after modification. 

A skip causes the program to skip over the 
next word in memory and go to the second word 
in sequence. This means that an MDX instruc- 
tion must always be followed by an instruction in 
the short format. If a long-format instruction 
were to follow, a skip would send the program to 
the second word of the instruction, and a program- 
ming error would result. 


Short Instruction Format (F = 0) 


The expanded Displacement is added to the register 
specified by the Tag bits of the instruction, accord- 
ing to the table that follows. The displacement is 
expanded to 16 bits by duplicating the sign bit 8 posi- 
tions to the left in the resulting high-order position. 


Tag Bits Operation 
00 Displacement added to IAR 
01 Displacement added to XR1 
10 Displacement added to XR2 
11 Displacement added to XR3 


When the Tag bits of the instruction are 00, 
the MDX instruction becomes a branch, a skip, 
or a No-Op. Since the IAR contains the address 
of the next instruction, a Displacement value of 
zero merely sends the CPU to the next instruc- 
tion; a positive value of one results in a skip; and 
any other value results in a branch to the modified 
address in the IAR. (The Displacement can also 
be negative.) 


Long Instruction Format (F = 1) 


Modification is accomplished according to the con- 
tents of the Tag and IA fields of the instruction. If 
the Tag is 00, independent of the IA bit, the expanded 
Displacement (bits 8 through 15 of the first word 

of the instruction) is added to the contents of the 
memory location specified by the Address field of 


the instruction. The displacement is expanded to 
16 bits by duplicating the sign bit 8 positions to the 
left in the resulting high-order position. If the Tag 
bits are not 00, the IA bit becomes the controlling 
factor, as shown below. 


IA Bit=0. The contents of the Address field of 


the instruction are added to the index register 
(XR) specified by the Tag bits: 


T=01 XRI1 
T=10 XR2 
T=11 XR3 


IA Bit = 1. The contents of the memory location 


specified by the Address are added to the desig- 
nated index register, according to the Tag bit 
values noted above. 


Indicators 


The Carry and Overflow indicators are not affected. 


Wait (WAIT-00110 and Undefined OP Codes) 


This instruction is in the short format only. The op- 
eration of the CPU stops in a wait condition and can 
be restarted manually or by the detection of an inter- 
rupt. A manual restart causes resumption of the pro- 
gram with the next sequential instruction; an inter- 
rupt causes resumption at a point determined by the 
interrupt branch operation. Cycle sharing operations 
continue in the wait condition. 

The Carry and Overflow indicators are not 
affected. 


INPUT/OUTPUT OPERATIONS 


The IBM 1130 Computing System offers a variety of 
I/O devices. The Keyboard for input and the Console 
Printer for output are standard on the IBM 1131 CPU 
(Central Processing Unit), Models 1 and 2. In addi- 
tion, the 1131 Model 2 provides the large capacity 
and random-access availability of data inherent in 
disk storage. The following attached units offer a 
wide diversity of I/O media: 


IBM 1134 Paper Tape Reader 
IBM 1055 Paper Tape Punch 
IBM 1132 Printer 

IBM 1442 Card Read-Punch 
IBM 1627 Plotter 


The programmed operation of each of these 
units is described in succeeding sections. The 
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operating procedures that have to do with the me- 
chanical functioning of the devices are covered in 


the publication, IBM 1130 Computing System, 
Input/Output Units (Form A26-5890), 


EXECUTE I/O (XIO-00001) 


This instruction can be in either the short or long 
format, and operation is the same, except for the 
inherent differences in the manner in which the EA 
is generated, and the fact that the long format can 
have either a direct or indirect address, 

The effective address is the memory location 
of the first word of the I/O Control Command (IOCC); 
EA + 1 is the location of the second word of the 
IOCC, 

The contents of the ACC, if significant, must 
be stored prior to execution of the XIO instruc- 
tion because the ACC is used in the analysis of 
the IOCC, 


Input/Output Control Command 


The format of the IOCC follows. 


OEE hae ae on 


Device: - Function 


—_—ae eee 
Modifier | 
j<a—--—— Odd Location 


(EA+1) 


biccaast poe 


Address 


The use of this 16-bit field depends on the func- 
tion and the device specified. 


Device 


This 5-bit field identifies the I/O device. 


00010 1442 Card Read-Punch 
00110 1132 Printer 
00100 Disk storage 
00101 1627 Plotter 
00011 1134 Paper Tape Reader, 
1055 Paper Tape Punch 
00001 Console Keyboard, Console Printer 
00111 Console Entry Switches 
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Function 


The primary I/O functions are specified by the 
3-bit function code: 
000 — Not used 


001 


010 


011 


100 


101 


110 


111 


Modifier 


Write 

This code is used to transfer a single 
word from storage to an I/O unit. 
The address of the storage location is 
provided by the Address field of the 
I/O Control Command. 

Read 

This code is used to transfer a single 
word from an I/O unit to storage. 
The address of the storage location is 
provided by the Address field of the 
I/O Control Command. 

Sense Interrupt 

This code is used only on Level 4 and 
causes the ACC to be loaded with the 
Interrupt Level Status Word (ILSW) 
for Level 4. 

Control 

This code causes the selected device 
to interpret the Modifier field as a 
specific control action. 

Initiate Write 

This code provides the ability to 
initiate a WRITE operation on a 
device or unit which will subsequently 
make data transfers from storage via 
a Data Channel. 

Initiate Read 

This code provides the ability to ini- 
tiate a READ operation from a de- 
vice or unit which will subsequentlv 
make data transfers to storage via a 
Data Channel, 

Sense Device 

This code loads the ACC with the DSW 
(Device Status Word) for the device 
specified in the IOCC. The status 
indicators are reset by specifying 
modifier bits as follows: Bit 15 for 
the highest level to which the device 
is connected, Bit 14 for the next 
highest level, and so on. 


This portion of the command provides additional in- 
formation for the device and function specified. 





INTERRUPT 


The Interrupt facility provides an automatic branch 
from the normal program sequence based upon an 
external condition. A maximum of six interrupt 
levels are available with the 1130 Computing System. 
They are assigned as follows: 


Level Device 


1442 Card Read-Punch (column read, punch) 
1132 Printer 

Disk Storage 

1627 Plotter 

1442 (operation complete); Keyboard/Console 
Printer; 1184 Paper Tape Reader; 1055 
Paper Tape Punch 

5) Console (Program Stop switch) 


PwWDY & © 


Interrupt Philosophy 


Because of the number of types of interrupt requests, 
it is not always possible to cause a branch to a 
unique address for each interrupt condition. For 
the same reason, it is frequently not desirable to 
cause one branch for all interrupt requests and re- 
quire the program to determine the individual re- 
quest(s) requiring service. Therefore, it is expe- 
dient to group the many individual request lines into 
a lesser number of priority levels. This accom- 
plishes two very important functions: First, it al- 
lows all interrupt requests common to a specific 
device to have the privilege of interrupting im- 
mediately if the only requests waiting or being 
serviced are of a lower priority level. Service 

is returned to the initial request only after all 
higher level requests have been serviced. Second, 
since a unique branch can be defined for each inter- 
rupt priority level, it is possible to combine many 
interrupt requests on a common priority level and 
therefore use a common interrupt subroutine to 
service many requests. 

There are two important operating charac- 
teristics of the 1130 interrupt system: (1) when 
more than one request line is connected to any 
priority level, it is necessary, by programming 
means, to identify the individual request(s) causing 
the priority level to be energized; (2) the first re- 
quest that causes an interrupt prevents future re- 
quests on the same or lower priority levels from 
interrupting until the completion of servicing the 
first interruptis signaled bya "branch out" operation. 
(See Branch or Skip on Condition-BSC. ) 


Interrupts that occur on the same level for 
which an interrupt is being serviced can be detected 
and acknowledged before the branch out operation 
is executed. 


Program Operation 


An interrupt may be recognized by the CPU at the 
completion of any program instruction. It is ini- 
tiated by the basic interrupt control, which forces 
execution of a CPU-generated Branch and Store IAR 
(BSI) instruction. The indirect address of the gen- 
erated BSI instruction is in location 8-13, corre- 
sponding to the level of interrupt. This location 
should contain the address of the location in the in- 
terrupt routine where the IAR is to be stored, 

As defined by the BSI instruction description, 
the LAR is stored at the EA (effective address) and 
program execution is resumed with the Branch to 
the EA+1, It is the responsibility of the interrupt 
subroutine to store all data and/or index registers 
that are used by the routine, and to restore the 
same registers prior to departing from the sub- 
routine. (See the description of BSC.) 

Several devices can request an interrupt on 
level 4, It thus becomes necessary for the program 
to determine the requesting device. This is accom- 
plished by issuing an XIO instruction with a Function 
of Sense Interrupt. 

The Sense Interrupt function is decoded and 
sent to all I/O devices, along with the current inter- 
rupt level being serviced. Each device that is re- 


_ questing service on level 4 will have a bit appear in 


the ILSW that is loaded into the Accumulator, pro- 
vided that level 4 is being serviced. The Sense 
Interrupt command will therefore produce meaning- 
ful results only if executed in a program sequence 
that is a result of interrupt level 4, and before a 
Branch Out command is executed in this routine. 


Interrupt Level Status Word 


ol 2 15 






2 ——— 1442 Card Read=Punch 
1 





Keyboard/Console Printer 


0 1134 Paper Tape Reader 
1055 Paper Tape Punch 


[202924] 


Although a 16-bit ILSW could exist for each priority 
level, only level 4 uses the ILSW in the 1130 System. 
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Each device with an interrupt request signal as- 
signed to priority level 4 is given a particular 
bit position in its ILSW to indicate its interrupt 
request status, al-bit ifON and 0if OFF. The 
status indicator(s) in the device(s) is not affected 
by the sensing of the ILSW. It is possible for a 
device to contain several conditions which may 
cause an interrupt on the same interrupt level. 
When this condition exists, the interrupt con- 
ditions are logically ORed to become a single 
interrupt. The identification of the interrupting 
condition within the device is accomplished by 
sensing the Device Status Word (DSW) as dis- 
cussed in subsequent paragraphs. 


Interrupt Identification 


Following loading of ILSW 4 in the ACC (accom- 
plished by an X1O-Sense Interrupt instruction), 
the Shift Left and Count instruction is used to 
facilitate examination of the ILSW. First, an 
index register is loaded with a quantity which 
corresponds to the number of request signals 
connected to interrupt priority level 4, followed 
by the Shift Left and Count instruction (SLC). 
The resulting count in the Index register is unique 
and corresponds to the first non-zero bit of the 
ILSW in the Accumulator. (It is also possible 
to execute a Shift Left and Count of both the ACC 
and EXT. Refer to the SLC Instruction Des- 
cription.) The SLC is followed by a Branch or 
Skip on Condition instruction (BSC) utilizing the 
F = 1 format with IA = 1, indexed with the result 
of the SLC. This provides, in conjunction with 
a branch table, a unique branch for each non- 


’ zero bit of the ILSW. 
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After the device causing an interrupt has 
been identified from data in the ILSW, it is nec- 
essary to determine the indicator(s) within the 
particular device causing the interrupt. This 
is accomplished by issuing a subsequent XIO 
Sense Device instruction with an area assignment 
corresponding to that of the device being inter- 
rogated. The Status indicators are reset after 
the information has been loaded in the ACC, if a 
bit is present in position 15 of the modifier. If 
a device can initiate interrupts on more than 
one interrupt level, the indicators are reset by 
specifying modifier bits as follows: Bit 15 for 
the highest level to which the device is connected, 
Bit 14 for the next highest level, and so on. 

The data in the ACC is now referred to as 
the DSW (Device Status Word). 


Device Status Word 


The DSW contains one bit of information for each 
indicator within the device. These usually fall 
into three categories, (1) error or exception 
interrupt conditions, (2) normal data or service- 
required interrupts, and (3) routine status con- 
ditions. 


Programming Note. When an interrupt request 
has been detected by a priority level, the pro- 
gram is directed to service the request by inter- 
rupting. During the servicing, all interrupt re- 
quests of equal or lower status are effectively 
constrained from interrupting while the servicing 
of the higher priority is in progress. However, 
if a request is detected for a higher priority level 
than is presently in progress, the program is 
immediately interrupted again. This is fre- 
quently called Nesting of Interrupts. 

At the completion of servicing any level of 
interrupt, it is necessary to signal the priority 
hardware to reset the priority-status of the 
highest level that is on. This reset permits 
lower priority requests (including those that 
may have been temporarily constrained, but 
recorded) to be accepted once again by the CPU. 
The reset is accomplished by a BSC instruction with 
Bit9=1. This programmed recognition of 
waiting interrupts should not be confused with a 
normal subroutine linkage back to a mainline 
program in which Bit 9 should be set to zero. 

The BSC is a conditional instruction, and 
when Bit 9 = 1, the interrupt level is reset only 
when the branch or skip occurs. 

Figure 7 shows a typical procedure for rec- 
ognizing interrupts. 


DISK STORAGE 


Disk storage provides the IBM 1130 Computing Sys- 
tem with low-cost random or sequential access data 
storage. On-line data capacity is 512,000 words; 
off-line capacity is virtually unlimited because the 
interchangeable disk cartridge is easily removed and 
replaced with another. Thus, the large storage 
capacity, comparable to that of magnetic tape, 
coupled with the unique advantage of random access, 
affords the 1130 Computing System great flexibility 
in the handling of engineering, scientific, industrial, 
and commercial programs. 





Sample Interrupt Recognition Procedure 
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Figure 7. Sample Interrupt Recognition Procedure, Part I 


The notes that follow are numbered to correspond 
to the reference numbers in the procedure. Each 
reference number cited in text is circled, e.g., 

, to avoid confusion with numbers necessary 
to the procedure, such as memory addresses. 

In the registers, instructions, and data words, 
only the necessary O-bits and 1-bits are shown. 
Op codes are shown in alphabetic symbols, and 
decimal numbers are used to identify memory 
locations. Binary notation, where used, is obvious. 
JAR, ACC, and XR1 are shown only where needed 
for understanding of the operation. 


1. Mainline program instruction. During exe- 
cution of this instruction, the 1442 initiates 
a card read interrupt. 


At the conclusionof the (1) instruction, the 
CPU blocks the next program instruction and 
interposes a CPU-generated BSI to start the 
Level O Interrupt procedure. 


1A of the Level 0 BSI is 0008; the EA at 0008 
is 0600. 


The IAR (0502) is stored at the EA (0600); 
the IAR is then loaded with the EA + 1 (0601). 


First instruction of the Level 0 interrupt sub- 
routine. The subroutine must store the sta- 
tus of each register, all data, etc., that 
could be altered by execution of the sub- 
routine. Before leaving the subroutine, the 
program must restore all registers, data, 
etc., to the condition that existed when the 
interrupt occurred. 


The last instruction of the interrupt subroutine 
is a BSC instruction with a Bit-9 value of 1, 
which resets the priority status so that inter- 
rupts of equal or lower priority can be recog- 
nized. If no interrupt is waiting, return to the 
interrupted program is effected by the 

1A(0600) of the BSC being equal to the EA of 
the CPU-generated BS] that initiated the 
interrupt routine, (2). The BSC is shown as 
an unconditional branch (Bits 10-15 = 0); the 
branch could have been conditional, i.e., the 
branch executed only if conditions specified by 
Bits 10-15 were true. 


NOTE: The term interrupted program is 
used to designate either the main program 
being executed or an interrupt On of 


lower priority. For example, the Q) instruc- 
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tion could be in a routine to service a console 
printer-keyboard, Level 4 interrupt. Thus, 
the mainline program can be thought of as a 
routine with no priority, to which the CPU 
returns when no interrupts are waiting. 


The EA (0502) is the location of the next 
mainline program instruction and is loaded 
into the JAR. 


To illustrate an interrupt with a low priority 
occurring while a higher priority interrupt 

is being serviced, we assume that the console 
printer-keyboard initiated a Level 4 interrupt 
while the card read interrupt was being 
serviced. We assume that no Level 0, 1, 2, 
or 3 interrupts are waiting and that the 

Level 4, CPU-generated BS! can now be 
interposed, as in (2) for Level 0. 


The JA (0012) of the BSI is the memory loca- 
tion assigned to Level 4 interrupts and con= 


tains the EA (1500). 


The IAR is stored at the EA (1500) and then 
loaded with EA+1 (1501). 


First instruction of Level 4 subroutine. See 
6) Last housekeeping instruction takes 
subroutine to 12 . 


The XIO instruction EA (4100) is the memory 
location of the OCC. The JAR contents re- 
main at 2302 because the IOCC controls an 
I/O device and is not a sequential program 
instruction. 


The IOCC function code of 011 (Sense Inter- 
rupt) causes the ILSW for Level 4 to be 
loaded into the ACC. 


XR1 is loaded with a quantity equal to the 
number of response signals connected to the 


ILSW. 


SLCA instruction is terminated when the 1- 
bit associated with the console printer-key- 
board interrupt is shifted into the high order 
position of the ACC. XRI1 is reduced by 


one. 


BSC instruction address is modified by XR1 (+2) 
to form the IA (2307). A bit in the O-position 
of the ILSW (paper tape reader and paper tape 


Figure 7, Sample Interrupt Recognition Procedure, Part If 


punch) results in an XR1 of 3 and an IA of 

2308. A bit in the 2-bit position (card read- 

Beh) results in an XR1 of 1 and an IA of 
306. 


. An lA of 2306 has the EA 2500, which is the 


memory location of the first instruction of 
the Card Read~Punch interrupt subroutine. 


. An JA of 2307 has the EA 2600, which is the 


memory location of the first instruction of 
the Console Printer-Keyboard interrupt sub- 
routine. 


. An IA of 2308 has the EA 2700, which is the 


memory location of the first instruction of the 
Paper Tape Reader and Paper Tape Punch 
interrupt subroutine. 


. First instruction of housekeeping sequence 


for Console Printer-Keyboard subroutine. 


. The XIO instruction EA (4102) is the memory 


location of the console printer-keyboard 


IOCC. 


. The IOCC Sense Device function code (111) 


causes the DSW of the console printer-keyboard 
(00001) to be loaded into the ACC. The I-bit 
in position 15 causes the response to be reset. 
The example shows I-bits in positions 2 and 3 
of the ACC (DSW), which indicate that the 
operator initiated an interrupt request on the 
keyboard and that the console entry switches 
are to be read. A programmed subroutine 
determines the cause of the interrupt (Bit 2) 
and the interrupting device (Bit 3). A rou- 
tine then follows that reads the data into 
memory, accomplishes any housekeeping 


eo and releases the CPU, as shown in 


. Procedure is the same in @) and Y). The 


1A (1500) of the BSC instruction is equal to 
the EA of the CPU-generated BS] instruction 
that initiated the interrupt; see (8) , / 
and 


. The EA (0502), located at 1500, is loaded into 
IAR. 


. The instruction at 0502 is the next one to be 


executed in the mainline program. See 
for previous mainline instruction. 








System programs, object programs, subroutines, 
and often-used table data can be stored in the same 
removable disk cartridge and a specific computation 
accomplished by mounting the cartridge and feeding 
the variable data into the 1131 CPU. This simplifies 
problem solving and increases the throughput of the 
System. 


DESCRIPTION 


Disk storage for the 1130 System is contained in the 
CPU cabinet and is connected to the CPU by a high- 
speed data channel. It is composed of two compon- | 
ents: the disk and drive assembly and the access 
mechanism. . 


- Disk Assembly 


The disk assembly (Figure 8) is a single disk drive, 
completely enclosed in a protective housing, or car- 
tridge. The recording medium is an oxide-coated 
disk that provides two surfaces for the magnetic 
recording of data. When mounted in the CPU enclo- 
sure, the disk drive rotates at the rate of 1500 
revolutions per minute. 


Access Mechanism 


The disk storage access mechanism has two 
horizontal arms. Each arm has a magnetic read/ 
write head, and each head is positioned to read or 
write on the corresponding disk surface as the access 
arms straddle the disk in the manner of a large 
tuning fork. The entire assembly moves horizontally 
forward and backward, so that the heads have access 
to the entire recording area, 





Figure 8, Disk Assembly Cartridge 


The access mechanism is positioned automat- 
ically, at the home position (outside cylinder) when 
the disk cartridge is inserted. 


Disk Organization and Capacity 


The access mechanism is moved back and forth by pro- 
gram instructions and canbe placed in any one of 200 po- 
sitions, from a point near the periphery of the disk to a 
point near the center ofthe disk. Ateachposition, the 
heads can read or write in a circular pattern on both 
surfaces of the disk, as it revolves. These circular 
patterns of data are called tracks. The track on the 
upper surface of the disk and the corresponding track 
on the lower surface, both of which can be read or 
written while the access mechanism is in the same 
position, are called a cylinder. Figure 9 shows the 
innermost and outermost cylinders of two tracks each. 
To complete the picture, the 198 intermediate cylin- 
ders, or pairs of tracks, should be visualized; they 
were omitted for the sake of clarity of the diagram. 

For convenience in transferring data between the 
CPU core storage and disk storage, each track is 
divided into four equal segments called sectors. Sec- 
tors are numbered by the cylinder, from 0 through 7, 
as shown in Figure 10. Sectors 0 - 3 divide the 
upper surface track, and Sectors 4 - 7, the lower. 
A sector contains 321 data words and is the largest 
segment of data that can be read or written with a 
Single instruction. 

In the programs and programming systems 
provided by IBM, e.g., the Monitor System and 
its programs, the first word of a 321-word sector 
is used for cylinder sector number. 


Innermost Cylinder 


Upper Surface Track 






Lower Surface Track 


200 2-Track 
Cylinders 





Outermost Cylinder 







Upper Surface Track 


Lower Surface Track 


NOTE: The thickness of the disk has been greatly exaggerated in order to 
show the relative positions of the upper and lower surface tracks. 


Figure 9. Disk Storage Cylinder Schematic 
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Figure 10. Disk Storage Sector Numbers 


Therefore, the first word of the sector can not be 
used by the programmer if the Assembler program 
or other components of the Monitor System are to 
be used. 

A disk storage word comprises 16 data bits and 
four check and space bits. 

Table 1 shows the organizational components of 
disk storage. Note that capacities are based on the 
320-word sector. 


Timin 


Timing considerations of disk storage operation 
involve three elements: access time, reading and 
writing data, and the time during which the CPU is 
tied up. 


Access. The access mechanism moves in increments 
of two cylinders at the rate of 15 ms per increment. 
Thus, in the formula that follows, the number of 
cylinders (N) must be even. (The next higher even 
number is used if an odd number of cylinders is 
specified.) During the 20 ms stabilization period 

that follows the last incremental movement, a Read 
or Write instruction can be given and will be started 
at the end of the stabilization period. 


Access time (ms) = 7.5(N) + 20 


Table 1, Disk Storage Data Organization 


Word Sector Track Cylinder Disk 


Bits 16 5,120 20, 480 40,960 8,192,000 
Data Words 320 1, 280 2,560 512,000 
Sectors 4 8 1,600 
Tracks 2 400 
Cylinders 200 
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Read/Write. Reading or writing of data in disk 


storage is at the rate of 27.8 usec per word. Average. 


rotational delay time is 20 ms, based on 1500 rpm, 
or 40 ms per revolution. Thus, a sector can be read 
or written in an average of 30 ms. Although there : 
are no timing considerations for head switching, 
there are programming considerations in consecu- 
tive sector operations because there is an interval 
of over 420 psec between sectors; the interval is in- ‘ji 
creased by 27.8 psec for each word less than 321 | 
read or written. 

A full cylinder of eight 321-word sectors can be 
read or written in 100 ms because the rotational de- 
lay is required for only the first sector. 





CPU Time. An interrupt in a disk storage operation 
occurs only at the end of the Seek or Read/Write 
operation. This means that once the instruction is 
initiated, disk storage operation is virtually inde- 
pendent of the CPU. As data is being read or written, 
a cycle is literally "stolen" from the CPU operation 
in progress every 27. 8 psec for the transmission of 
the next word. Thus, except for the normal instruc- 
tion times, the CPU is busy only 14 ms of the 100 ms 
required to read or write a full cylinder. The 
remaining 86 ms are available for other program 
operations. 


Data Checking 


Data is checked on each transmission between core 
storage and disk storage. The number of bits of 

each word is divided by four as the word leaves core 
storage, and the number of bits necessary to make 
the division even (Modulo 4) is added to the end of 

the word. The Modulo 4 test is performed again each 
time a word is written in disk storage or read from 

it. A word that is not Modulo 4 causes the Data Check 
bit to be set in the disk storage DSW. 


Procedure for Changing the Disk Storage Cartridge 


1, Turn off the disk drive motor with the power 
switch adjacent to the disk mechanism, 

2. Open the hinged cover of the disk storage 
drive enclosure, 

3. Pull down on the release/lock handle and 
remove the cartridge. An interlock prevents 
removal of the cartridge until the disk has 
stopped spinning. 

4, Another cartridge can be installed by simply 
inserting it into the aperture. The access 
mechanism read/write heads are automati- 
cally positioned as the cartridge is inserted. 


5. Raise the access release/lock handle to lock the 
cartridge in place. 

6. Close the cover of the disk storage drive enclo- 
sure and start the disk drive motor. An inter- 
lock prevents the motor from starting unless the 
cartridge is correctly inserted and the disk is in 
place. The disk reaches ready status in approx- 
imately 90 seconds. 


PROGRAMMING DISK STORAGE 
I/O Control Command (IOCC) 


Initiate Read (110) 


0 18 0 4 8 
Word Count Address (WCA) 0010 0/110 | 


eT] wea 


This instruction causes the number of words specified 
by the Word Count to be read from the disk storage 
sector identified by Modifier bits 13-15. TheAddress 
word of the instruction contains the WCA (Word Count 
Address), and Modifier bit 8 determines whether the 
command is a Read instruction (0) or a Read-Check 
instruction (1). 

A full sector, 321 words, is the maximum trans- 
mission with one instruction. Succeeding sectors, or 
parts of sectors, require an Initiate Read instruction 
for each one. 

An Operation-Complete interrupt occurs when the 
number of words in the Word Count has been 
transmitted. 





—<—WCA 






—<—— WCA +1 
=— WCA +2 





+ WCA +3 


Read Instruction (Bit 8 = 0). Beginning with the first 
word of the indicated sector, data is read into core 
storage location WCA + 1 and ascending addresses. 
The Word Count, which is stored at the location spec-: 


ified by the WCA, controls the number of words trans- 


mitted and, consequently, the number of core storage 


locations occupied by the disk storage data. For 
example, assume that a Word Count of 152 is stored 
at WCA 1000. The 152 words read from disk storage 
would be stored at addresses 1001 through 1152. 

The programmer must be aware of the core stor- 
age locations required for incoming disk storage data 
so that useful data is not written over and lost. 


Read-Check Instruction (Bit 8 = 1). Data is read 
from disk storage, as in the Read instruction, and 


the number of bits of each word is checked for 
Modulo 4. If the division for any word is not even, 
the Data Check indicator bit is set in the disk storage 
DSW. Neither disk storage nor core storage is 
affected by the Read-Check instruction. 


Initiate Write (101) 


0 15 0 4 


Word Count Address (WCA) 00100 f10.1] 


—wer 


ee WES on [201073] 











~~  WCA+1 
+ WCA + 2 
~<— WCA+3 


This instruction causes the number of words specified 
by the word Count to be written in disk storage, 
beginning at the first word of the sector indicated by 
Modifier bits 18-15. The Address word of the instruc- 
tion contains the address of the Word Count (WCA). 
The data is transmitted from core storage location 
WCA + 1 and ascending addresses. A full sector, 
321 words, is the maximum transmission with one 
instruction. Succeeding sectors, or parts of sectors, 
require an Initiate Write instruction for each one. 

An Operation-Complete interrupt occurs when the 
number of words in the Word Count has been transmit- 
ted. 


Control (100) 


2 





0 





1315 
No. of Cylinders 


This instruction causes the access mechanism to 
move in increments of two cylinders for the number 
of cylinders specified by the Address word of the 
instruction. If the number of cylinders is odd, the 
first increment consists of one cylinder. 

Modifier bit 13 controls the direction of move- 
ment: a 0 moves the access mechanism forward 
{toward the center of the disk); a 1 moves it 
backward. 

When the access mechanism has moved the num- 
ber of cylinders specified, an Operation-Complete 
interrupt occurs. 


NOTE: Cylinders do not carry an identifying number. 

It is the responsibility of the program, therefore, to 
maintain the necessary information relative to the 
position of the access mechanism. A Control command 
which specifies an access motion of zero cylinders is 
treated as a No-op and does not result in an Operation 
Complete interrupt. 
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Sense Device (111) 





This instruction causes the Device Status Word (Fig- 
ure 11) of disk storage to be read into the ACC. All 
indicators are reset if Modifier bit 15 is a 1. 


Interrupt 


Operation Complete. This is the only interrupt asso- 
ciated with disk storage, and is turned on at the end 

of a Read, Read-Check, or Write operation. It is 
also turned on when the access mechanism has reached 
the designated cylinder during a Control instruction. 


Indicators 


Operation Complete. This indicator is turned on at 
the end of a Read, Read-Check, Write, or Control 

(access movement) operation. It is turned off by a 
Sense Device instruction with Modifier bit 15 set 

to one. 


Disk Busy. This indicator is on during execution of 
a disk storage instruction. It is turned off when the 
operation is complete. 


Error Check. This indicator is turned on when a parity 
(Modulo 4) error is detected during a Read, Read- 
Check, or Write instruction. It is turned off by a 
Sense Device instruction with Modifier bit 15 set to 
one. 


Disk Not Ready. This indicator is on when disk 
storage is not ready to receive an instruction, which 


0123 4 5 14.18 
bs 


Sector Counts 






4—Carriage Home 

3— Disk Busy (R/W or Carriage ) 
2— Disk Not Ready 

1 — Operation Complete 

0 — Data Error 


Figure 11. Disk Storage Device Status Word 
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Carriage Home. 
mechanism is at the Home position (Cylinder 00). 


means that the disk is busy or has not reached ready 
status, 


This indicator is on when the access 


Sector Count. These bits represent the sector number, 


to Modulo 4, of the next sector available for reading 


or writing. Thus, the quantity represented by the bits 
is the sector number on the upper track. 


Programming Considerations 
Disk Organization 


It is important in planning a routine for loading disk 
storage that the cylinder concept be taken into con- 
sideration. Related data should be grouped in the 
same cylinder, when possible, to eliminate unneces- 
sary seek operations. Therefore, when disk addresses 
are assigned to a group of related data, the disk loca- 
tions made available should be limited to the number 
required, plus an expansion factor. The most fre- 
quently used data should be stored in the low-numbered 
cylinders to minimize seek time. 


Customer Error Correction Routines 


In the event that an error is detected by the CPU cir- 
cuitry, it is recommended that the following procedure 
be executed: 
1. Re-seek the cylinder upon which the error 
was detected. 
2. Re-execute the operation in which the error 
occurred, 


This procedure should be executed from three to 
ten times prior to establishing the occurrence of a 
disk error, 


CONSOLE 


The Console (Figure 12) is an integral part of the 
IBM 1131 Central Processing Unit and consists of 
the input keyboard, console printer, display panel, 
function switches and lights and Console Entry 
switches. 

While the keyboard and console printer are 
usually considered as one unit, control of each of 
them by the operator and by the stored program is 
discrete. For this reason, the functional descrip- 
tion and programmed operation of each unit is con- 
»idered separately in the sections that follow. 
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Figure 12, 


1131 Console 


CONSOLE PRINTER FUNCTIONAL DESCRIPTION 


The console printer provides output at a maximum 
rate of 15.5 characters per second. Data to be 
printed is transferred from core storage to the 
console printer by direct program control. 

Data characters and control characters (space, 
tabulate, etc.), are sent to the console printer by 
means of the Write command. Because control char- 
acters and data characters are sent in the same man- 
ner, the message to be printed contains a mixture of 
data characters and control characters in the sequence 
necessary to give the desired formatted output. 

The character format within a core storage word 
to be transmitted to the console printer is: 


0 § 67 8 (5 


Control 
Upper/Lower Case 
Character Code 





Each word transmitted to the console printer 
contains one data character or one control character. 


Data Coding 


Data to be printed is coded by the program into the 
console printer code. Figure 13 shows the characters 
which can be printed by the standard print element. 
The data-character code also contains (in B6) the 
information as to whether the character is an upper- 
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Figure 13. Console Printer Character Coding 


case (UC) shift or lower-case (LC) shift character. 
The printer shifts automatically as required for each 
data character, 

A printer Write command is modified by the B7 
position of the output character word. If B7 equals 
one, the Write command to the printer is interpreted 
as a control function. If B7 equals zero, the Write 
command is interpreted as a print function. 

The codes for console printer Control functions 
are shown in Figure 14, 
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| Function —«J012345678...... 15 


10000001 





Carrier Return 










Tabulate 01000001 


00100001 






Space 


Backspace 00010001 






Shift to Red* 00001001 






Shift to Black* 00000101 


00000011 





Line Feed 


* May be done 
concurrently with any 
other function. 20090A 


Figure 14, Console Printer Control Functions 


PRINTER PROGRAMMING 


The console printer operates in the 1130 System under 
direct program control. 


I/O Control Commands (IOCC) 


The console printer is addressed by a 5-bit device 
code in the IOCC, 00001. 


Write (001) 


0 18 0 4 8 1S 


Core Storage Address 00001 0.0 1] 





This command causes bits 0-7 of the word at the 
core storage location specified by the Address to be 
sent to the printer for printing or control. 


Sense Device (111) 





This command causes the keyboard/console printer 
Device Status Word to be placed in the ACC, Fig- 
ure 15 shows only those bits which relate to the con- 
sole printer. Modifier bit 15 on specifies that all 
keyboard/console printer responses are to be reset. 


Interrupts 


There is only one interrupt associated with the con- 
sole printer attachment. 
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5 — Not Ready 
4 — Busy 
0 —Service Response 


Figure 15. Console Printer Device Status Word 


Service Response. This interrupt occurs each time 
the console printer has completed printing the data 
and/or the control operation required by the last word 
transmitted by the Write command. 


Indicators 


The following indicators are entered into the CPU by 
a Sense Device command. 


Not Ready. When off, this indicates that the printer 
is properly loaded with forms, has dc power, and is 
not busy. It is necessary that the program always 
determine that the Not Ready indicator is off before a 
Write command is given. If a Write command is 
given while Not Ready is on, loss of information will 
probably occur. No indication is given of this loss. 


Busy. When on, this indicates that the console printer 
is in the process of typing a character or executing a 
control and therefore should not be given a Write 
command. The Busy line is active from the time 

data is sent to the printer until the printer has com- 
pleted the action required. 


KEYBOARD FUNCTIONAL DESCRIPTION 


The input speed of the keyboard (Figure 16) is limited 
only by the speed of the operator. Keyboard entries 
are not automatically printed unless the CPU is pro- 
grammed to provide an output of the entry on the 
printer, The keyboard emits a coded character for 
each key struck by the operator. These characters 
are related to IBM card coding. (See Appendix E. 
Character Code Chart). Striking the A character key 
places bits in positions 0 and 3 of the CPU word; 
striking the I character key places bits in positions 0 
and 11 of the word; striking a 9 character places a 
bit in position 11 of the word; etc. 


Keyboard Data Format 
0 12 15 


Perea ed 


| Control 
| L 14 — Erase Field 
13 — Backspace (~-— ) 
12 — End of Field (EOF) 
0-11 — Character Code 








The two-position Console/Keyboard switch in- 
dicates to the program the desired source of the con- 
sole input data, either the keyboard or the console 
entry switches. 


Keyboard Function Keys 


Interrupt Request. This key initiates a keyboard 
restore and causes an interrupt in the CPU. 


End of Field (EOF). When the CPU reads in response 
to this key, a word containing a 12. bit only is placed 
in memory. Analysis of this word allows the program 
to determine that no further characters are to be sent 
in this message. . 


Backspace (~—). When the CPU reads in response to 

this key, a word containing a 13 bit only is placed in 
memory. Analysis of this word allows the prograr: 

to determine that the last character received is to be 
replaced by the next character to be entered. 


Erase Field. When the CPU reads in response to this 
key, a word containing a 14 bit only is placed in mem- 
ory. Analysis of this word allows the program to de- 
termine that the message being entered is to be deleted 
and replaced by a corrected message. 


Mode. There are two mode keys: Numeric (upper 
case shift) and Alphabetic (lower case shift). These 
keys place the keyboard in the indicated mode. The 
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Figure 16, 1131 Console Keyboard 
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keyboard remains in the selected mode until changed. 
If the numbers or symbols which appear on the top 
portion of the keys are desired, the keyboard must be 
placed in Numeric mode. 


Restore. This key allows the operator to restore the 
keys if they should become locked. 


Keyboard Light 


Keyboard Select. This light comes on when the CPU 
has performed a Control command. This light goes 
off when a Read command is performed. 


Operating Procedure 


The following procedure describes a typical use of 

the keyboard (manual start). 

1. The operator presses the Interrupt Request key 
which initiates a Request interrupt and places 
the keyboard in a Restore status. 

2. The CPU honors the Request interrupt and de- 
termines that the Keyboard is the device that 
caused the interrupt. 

3. The CPU issues a Control command to select 
the keyboard. When the keyboard is selected, 
the Select light is turned on to signal the operator 
that a character can be entered. 


SWITCHES 
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POWER KEYBOARD 
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PROGRAM 
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4, When a character key is pressed, the keyboard 
initiates a Service interrupt to the CPU. 

5. In response to the Service interrupt, the CPU 
performs a Read command which enters the 
character into core storage and removes the 
keyboard from the selected status. 

6. Before another character can be entered, the 
CPU stored program must issue another Control 
command to select the keyboard. 


NOTE: When the request is initiated by the 
stored program, the operation is the same, 
beginning at Step 3. 


If the CPU performs a Read command when the 
keyboard is not selected, no bits are entered. 


KEYBOARD PROGRAMMING 


The keyboard operates under direct program con- 
trol of the 1130 Computing System. 


1/O Control Commands (IOCC) 


The keyboard is addressed by the same Device code 
used by the console printer, 00001. 


Read (010) 


0 8 0 4 8 15 


Core Storage Address 00 001 lo 1.0 





This command enters a single input character from 
the keyboard into the core storage location specified 
by the Address of the IOCC, 


Sense Device (111) 





This command reads the keyboard/console printer 
Device Status Word into the ACC, Figure 17 shows 
only those bits associated with the keyboard. Modi- 
fier bit 15 on specifies that all keyboard/console 
printer responses are to be reset. 


Control (100) 


0 18 0 4 8 1S 
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This command places the keyboard in a Select status 
so that a character can be entered. 


Interrupts 


The two interrupts associated with the keyboard are 
assigned to the same level of priority. 


Interrupt Request. This interrupt is initiated by the 
Request key located on the keyboard. 


Keyboard Response. This interrupt signals that a 


character key has been pressed and that a character 
is ready to be entered into core storage. 


CONSOLE DISPLAY PANEL 


The contents of the registers within the computer 
are displayed on the console panel (Figure 18) by 
means of small incandescent lights. Each bit in 
each register position is represented by a light. 
The light is on when the bit which it represents is 
present in the word displayed. The Mode switch 
selects the operating mode of the system. 


Indicator Displays 


Instruction Address Register (IAR). The Instruction 


Address register is one row of 14 indicator lamps. 
Each lamp displays the status of one bit position in 
the IAR. 


Storage Address Register (SAR). The Storage Ad- 


dress register is one row of 14 indicator lainps. 
Each lamp displays the status of one bit position in 
the SAR. 


0123 6 1§ 
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Figure 17, Keyboard Device Status Word 
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Figure 18, Console Panel 


Storage Buffer Register (SBR). One row of 16 indi- 


cator lamps. Each lamp indicates the status of one 
bit position in the SBR. At the end of each machine 
cycle the SBR reflects the bits that were read into 
core storage on the cycle just completed. 


Arithmetic Factor Register (AFR). One row of 16 


indicator lamps. Each lamp indicates the status of 
one bit position in the AFR. 


Accumulator Register (ACC). One row of 16 indi- 


cator lamps. Each lamp indicates the status of one 
bit position in the ACC. 


Accumulator Extension Register (EXT). One row of 


16 indicator lamps. Each lamp indicates the status 
of one bit position in the EXT. 


Clock Timer (T). One row of eight indicator lamps. 
These lamps indicate the last clock step completed. 


Machine Cycle. One row of seven indicator lamps. 
These lamps indicate the type of machine cycle in 
process when in Single Step mode. They indicate 
the machine cycle just completed when in any other 
mode. 


Control Functions. Two rows of three indicator 
lamps. These lamps indicate the status of the fol- 
lowing functions: Add, Arithmetic Control, Shift 
Control, Accumulator sign, Accumulator Carry, 
and Zero Remainder. 


CE Lights. Two rows of six indicator lamps. Each 
lamp can be wired by a CE to give a visual indication 
of any status condition in the machine. 


Operation (OP) Register. One row of five indicator 
lamps. These lamps indicate the op2ration in proc- 
ess when in Single Step mode or Single Machine 
Cycle mode. They indicate the operation just com- 
pleted when in any other mode. 
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CONDITION 
REGISTER 


Operation Tags. One row of five indicator lamps. 
These lamps indicate the status of the Format, Tag, 
and Modifier bits of the instruction shown in the 
operation register. 


Interrupt in Process. One row of six indicator 
lamps. These lamps indicate the Interrupt level 
being serviced. 


Cycle Control Counter. One row of six indicator 
lamps. These lamps indicate the binary value con- 
tained in the shift counter. 


Condition Register. One row of two indicator lamps. 
These lamps indicate the status of the Carry indica- 
tor and the Overflow indicator. 


Parity (2). These two indicators reveal which half 
of the word contains the parity error when one oc- 
curs. 


Wait OP. This indicator is on when the CPU is ina 
wait condition. 


X77. This indicator is off when "cycle steal" is 
operating. 


Mode Switch 


The Mode switch (Figure 19) selects one of seven 
operating modes. 


Single Step (SS). With the Mode switch set to SS, 
each depression and release of the Start key causes 
the 1131 clock to advance one step, e.g., from Tl 
to T2. 


Single Memory Cycle (SMC), With the mode switch 
set to SMC, each depression of the Start key causes 


the 1131 to advance one machine cycle (for example, 
from I-1 to I-2). 
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Figure 19. Console Mode Switch 


Interrupt Run (INT RUN) . With the mode switch set 


to INT RUN, a level 5 interrupt occurs after each 
mainline program instruction is completed. This is 
a convenient device for program trace routines. 


Program Run (RUN). With the mode switch set to 


its normal position, RUN, pressing the Start key 
causes the 1131 to advance through its stored pro- 
gram. 


Single Instruction (SI). With the mode switch set to 


SI, each depression of the Start key causes the 1131 
to interpret and execute a single instruction. 


Display Core Storage (DISP). With the mode switch 
set to DISP, pressing the Start key will display (in 
the SBR) the core storage word at the location spec- 
ified by the address in the Instruction Address reg- 
ister (IAR), and advances the IAR. 


Load Core Storage (LOAD). With the mode switch 


set to LOAD, pressing the Start key will load the 
data from the Console Entry switches into core stor- 
age at the location specified by the address in the 
1AR, and advances the IAR. 


CONSOLE ENTRY SWITCHES 


These 16 toggle switches are used to set up data or 
instructions to be entered into core storage. Each 
switch represents a bit position in a 16-bit word. 
The procedures that follow provide for entering the 
information from the CES (Console Entry switches) 
by means of manual control, keyboard interrupt, or 
XJO instruction. 


Manual Entry. This procedure causes the bits set 
in the CES to be loaded into the word at the core 
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storage address in the IAR. 

1. Set the Mode switch to Load, 

2. Set the CES to the core storage address where 
the data is to be stored. 

3. Press the Load JAR switch. 

Set the data word in the CES. 

5. Press the Start key. 


se 


Keyboard Interrupt. This procedure requires an 
interrupt subroutine to service a Level 4 interrupt. 
1. Set the Console/Keyboard switch to Console. 

2. Press the keyboard Interrupt Request key. 

3. <A Level 4 interrupt occurs, and the Keyboard 
DSW is loaded into the ACC by a Sense Device 
instruction. 

4, DSW bit 3 was set to 1 by the Console/Keyboard 
switch. This indicates to the interrupt subrou- 
tine that the CES should be read by the XJO 
Read instruction. 

5. Return to the main line program is by the regu- 
lar method of a BSC instruction with Modifier 
bit 9 set to one. 


XIO Read Instruction. The settings of the CES can 
be read by an XIO Read instruction at any time 
during a stored program routine. The Device code 
of the instruction is set to 00111. 


CONSOLE FUNCTION SWITCHES AND LIGHTS 


These switches and lights are located on both sides 
of the keyboard (Figure 20). 


Function Lights 


Forms Check. This indicator is turned on when the 
last form has been detected by the Console Printer 
forms contact. 


Keyboard Select. This indicator is turned on by a 
programmed instruction (XIO Control) that requests 
input data from the keyboard. 


Parity Check. This indicator is turned on when a 
parity error (even number of bits) is detected in 
either half of the word read out of storage. 


Alphabetic. This lamp indicates that the keyboard 
is in alphabetic (lower case) shift. The letters and 
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Figure 20. Console Function Lights and Switches 


symbols which appear in the bottom portion of the 
keyboard character keys can be entered when the 
keyboard is in alphabetic shift. 


Numeric. This lamp indicates that the keyboard is 
in numeric (upper case) shift. The letters and sym- 
bols which appear on the top portion of the keyboard 
character keys can be entered only when the key- 
board is in numeric shift. 


File Ready. This indicator is on when disk storage is 
available for reading or writing. 


Disk Unlock. This indicator is on when the disk 
cartridge may be removed from the drive. 





Run, This indicator is on when the CPU is in oper- 
ation and the meter is running. 


Function Switches 





Parity Run/Stop. This two position toggle switch is 
set to STOP if the programmer wishes the program 
to stop when a parity error is detected. When this 
switch is set to RUN, the program will continue to 
run even if a parity error is detected. 


Console/Keyboard. This two position toggle switch 
sets bit position 3 in the Keyboard DSW, which indi- 
cates to the program the desired source of the con- 
sole input data (either the Keyboard or the Console 
Entry switches). See the preceding Console Entry 
switches and the DSW for the Sense Device (111) 
command (Figure 17). 


Program Start, Pressing this pushbutton switch 
causes the machine to take one clock step or machine 
cycle and continue to take additional cycles if re- 
quired by the setting of the mode switch. 
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IMM Stop. Pressing this pushbutton switch causes 
an immediate stop of the processor interrupt, al- 
though the I/O devices will finish their present cycle. 
Data from the 1132, the 1442, or disk storage will be 
lost if they are operating at the time the Stop key is 
pressed. A complete program restart is normally 
required, 


Program Stop, Pressing this switch causes a level 5 
interrupt. After the program has satisfied all inter- 
rupts for levels 0 through 4 (all I/O devices except 
the console) it enters a routine for level 5. Because 
the console is the only unit on level 5, the DSW for 
the console can be sensed without interrogating the 
interrupt level status word. The program stop bit in 
the DSW should be used to branch the program to a 
wait loop that causes the CPU and I/O units to cycle 
down to a stop and blocks all mainline operations 
until the console operator intervenes. This indicator 
is reset by pushing the program start key. 


Reset. Pressing this pushbutton switch (effective only 
when out of Run mode or stopped) resets all I/O and 
machine registers, cycle and control triggers, and 
status indicators. 


Load IAR. Pressing this pushbutton switch places 
the status of the 16 Console Entry switches in the 
IAR. The console Mode switch must be set to 
Load position. 


Program Load. Pressing this pushbutton switch 
loads the first card or paper tape record into core 
storage, beginning at 0000. 
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Figure 21. IBM 1442 Card Read-Punch 


IBM_ 1442 CARD READ-PUNCH 





The IBM 1442 Card Read-Punch (Figure 21), Model 6 
or Model 7, provides card input/output for the IBM 
1130 Computing System. 


Card Read-Punch operations are under direct 
program control. 


FUNCTIONAL DESCRIPTION 


The IBM 1442 Card Read-Punch is a single unit that 
processes cards serially, column-by-column, from 
a single supply hopper. All cards first pass the read 
station, then the punch station. This permits each 
card to be read, punched, or read and punched. 
Reading and punching cannot occur simultaneously, 


however, because of the difference in operating speeds. 


Maximum machine speeds are: 

Card Reading: Model 6, 300 cards per 
minute 

Model 7, 400 cards per 
minute 

Model 6, 80 columns per 
second 

Model 7, 160 columns per 
second 


Card Punching: 


Maximum reading rates are attained only when 
successive Start-Read commands arrive early enough 
to re-energize the read clutch before the clutch latch 
point is reached, To accomplish this, successive 
Start-Read commands must arrive within 35 milli- 
seconds (25 ms Model 7) after the End-Card interrupt 
is given by the Card Read-Punch, If a Start-Read 
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command does not arrive within this time, the maxi- 
mum reading rate becomes 285 cards per minute 
(cpm) for Model 6 and 375 cpm for Model 7. 

Punching rates depend on the position of the card 
when the last column is punched. The punching speed 
ranges are: 


Model 6 — 49 cpm to 255 cpm 
Model 7 — 90 cpm to 340 cpm 


The approximate time required to process a 
single card is: 


Model 6 ~— 12.5 ms + 12.5 ms per card column 
spaced or punched. 

Model 7 —6.5 ms + 6.5 ms per card column 
spaced or punched. 


Data Coding 


The Card Read-Punch reads and punches IBM card 
image only. Any code translation required must be 
done by the stored program. As shown in Figure 22, 
the twelve rows (12-9) in a card column correspond 
to the 0-11 bits, respectively of a core storage word. 
A 1-bit represents a punched hole; a 0-bit represents 
a card position not punched. Thus, the word in 
Figure 22 contains 1-bits in bit-positions 0 and 3 to 
represent the "A'' read from the card. For output, a 
1-bit results in a hole punched in the related position 
of the card read column. 

A special Load mode is initiated by pressing the 
Program Load key on the 1130 Console. In the Load 
mode, data is split (Figure 23), as it enters core 
storage, to form the load program. 


OPERATING PROCEDURES 


Before any operation can begin, the Card Read-Punch 
must be placed in the 'Ready Condition." With power 
on and cards in the hopper, the Start key is pressed. 
This feeds the first card into position at the read 
station (Figure 24). 


Card Feedin, 


Card reading or punching may begin after the initial 
feed cycle (run in). 

A constant-speed drive moves the cards through 
the serial path during a feed cycle. A feed cycle is 
initiated by a Control command of Feed cycle or 
Start-Read or Punch (if no card is positioned at the 
punch station). The feed cycle does three things. 


1. It moves a card from the punch station to the 
stacker. 
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1 Jo}o] 10] ofo} 0] of ofofo ~— Core Storage Word (containing "A" code from card) 


012345678910 15 


Figure 22. Normal Mode Read 
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Figure 23. Load Mode Read 
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Figure 24, 1442 Card Path Schematic 


2. It moves a card through the read station and 
places it in the punch station with column 1 under 
the punches. 

3. It moves a card from the hopper to the read 
station. 


An incremental drive moves the card through the 
punch station for punching. 

When the hopper is emptied, the operator can 
either reload the hopper and continue operations or 
he can initiate a last-card sequence. 


Program Load 


Program load can be initiated by pressing the Program 
Load key on the 1130 Console after a system reset and 
the "run in" cycle of aload card. This "Load" mode 
causes the load-card data to be placed in 80 consecu- 
tive memory positions beginning at memory position 
00000, then causes the CPU to go to memory posi- 

tion 00000 for its next instruction. 


Card Reading 


A Control (Start-Read) command initiates card read- 
ing. This command causes columns 1-80 of the card 
to be read in one continuous motion of the card. Each 
column of data is read, .checked, and placed in a 
buffer register. A Read Response interrupt is given 
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Stacker Capacity 


Capacity 
1200 


for each column read. Checking is accomplished 
automatically by reading each column twice and com- 
paring the results bit-by-bit. This read-check- 
interrupt process continues until all 80 columns have 
been read. An Operation Complete interrupt is given 
after all 80 columns have been read. The Last Card 
indicator will be on if the card read is the last card 
in the deck, 


Card Punchin 


A Control (Start-Punch) command initiates card 
punching. As each column passes the punch station 
a Punch Response interrupt is given. 

Automatic checking is accomplished by compar- 
ing the punch check echo data with the single-char- 
acter punch buffer, which contains the character from 
the CPU. Each column punched is checked at the 
same time that the Punch Response interrupt is given 
for the data of the next column to be punched. 

The card motion and punching process continues 
until the punch data word contains a one in the 12-bit 
position (punch data is in bits 0-11). When this end~- 
punch bit is detected, the Card Read-Punch punches 
that column, moves to the next column, and gives an 
Operation Complete interrupt. No more Punch 
Response interrupts are given. All punching on the 
card must be completed at one time. 





A feed cycle is necessary to eject a punched card 
to the stacker, and can be initiated by a Control 
command. 


Programming Note. A Control command specifying 
Start Punch results in a feed cycle if it has not been 
preceded by a Control command specifying Feed Cycle 
or Read Card. 


Last Card Sequence 


When the hopper becomes empty during a feed cycle, 
the Card Read Punch is taken out of Ready status. 
The operator may continue processing cards by load- 
ing more cards into the hopper and pressing the Start 
key or he may initiate a last-card sequence by pres- 
sing the Start key without loading more cards in the 
hopper. 

If the last-card sequence is to be entered, the 
program determines this by testing the Last Card 
indicator in the Device Status Word. This indicator 
is turned on when the last card passes the read sta- 
tion. 

When the Start key is pressed without cards in 
the hopper, the 1442 is placed in the Ready condition 
and allows two more feed cycles to be taken. 


PROGRAMMING 


The IBM 1442 Card Read Punch operates under the 
direct program control of the CPU, 


I/O Control Commands 


The Card Read Punch is addressed by the 5-bit 
Device code, 00010 


Read (010) 


0 (5 0 4 8 15 


Core Storage Address 00010 lo. 1.0) 





This command causes a card column image to be 
entered from the Card Read Punch into the core 
storage location specified by the Address. 


Write (001) 





This command causes the data in the memory loca- 
tion specified by the Address of the IOCC to be trans- 


mitted and punched as a card column image in the 
card. 


Control (100) 
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This command causes the Card Read Punch to accom- 
plish the function specified by the Modifier. 


Modifier bits that have significance are: 

Bit 14 Feed cycle - causes all cards in the 
feed path to advance one station. There 
are no Read Column Response inter- 
rupts. 

Start Read - causes the card to move 
through the read station. As each col- 
umn is read and checked, the Card 
Read Punch initiates a Read Column 
Response interrupt. 


Bit 13 


Bit 15 Start Punch - starts the punching 
operation and initiates a Punch Re- 
sponse interrupt. If a card is not at 
the punch station, a card will feed past 
the read station without data entering 
the system. 

Bit 8 Stacker Select - causes the card leav- 
ing the punch area to enter the alter- 
nate stacker. This control applies 
only to the next card leaving the punch 
station. 


Modifier bits B14, B13, and B15 of a Control 
command should not be used in combination with each 
other, 


Sense Device (111) 





This command directs the Card Read Punch to place 
its Device Status Word (Figure 25) into the CPU ACC. 
Modifier bit 15 on resets responses for level 0; 
modifier bit 14 on for level 4. 


Interrupts 


The three interrupts associated with the Card Read 
Punch are divided into two groups. 
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Interrupt 


Level 


15—Not Ready or Busy 
14— Busy 


4 —Operation Complete 4 
3 —Last Card 

2 —Error Check 

1 —Punch Response 
0 —Read Response 
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Figure 25. 1442 Device Status Word 


Level 0 Interrupt 


the 1442 is not ready, manual intervention is required 
to ensure that the following conditions are met. 


1, Power On. 

2. Card registered at Read Station (initially). 

3. Cards are in hopper or last-card sequence is in 
progress. 

4, Stacker not full. 

5. Feed-Check light off (no card jam or feed failure 
conditions). 

6. If the Stop key has been pressed, the Start key 
must have been subsequently pressed. 

7. Chip box not full or removed. 





Read Response, This interrupt signals that a col- 
umn of data is ready to be entered into main storage, 
This interrupt request must be serviced within 

800 psec for the 1442 Model 6 and 700 psec for the 
1442 Model 7, Time from Initiate Read to first Read 
Column Request interrupt is 28, 4 msec for the 
Model 6 and 23, 8 msec for the Model 7, 


Punch Response. This interrupt signals that a col- 
umn of data must be transmitted from the CPU with- 
in 1000 psec for the 1442 Model 6 and 300 usec for 
the Model 7. Time from the Start Punch instruction 
to the first Punch Column Response interrupt varies 
from 1, 22 ms to 12.5 ms on the Model 6 and 1.56 to 
6.25 ms on the Model 7. 


Level 4 Interrupt 


Operation Complete. This interrupt occurs after a 
card has been read. It indicates that column 80 of 
the card has passed the read station. This interrupt 
occurs 20.6 ms after column 80 for the Model 6 and 
15.4 ms after column 80 for the Model 7. 

This interrupt also occurs after the last column 
to be punched has been punched and checked with the 
punch drive stopped. This will occur 12.5 ms after 
the terminating Write function for the Model 6 and 
6.25 ms after the terminating Write function for the 
Model 7. 

This interrupt is forced if a hopper check, feed 
check in the Punch Station, transport error, or feed 
clutch error occurs while the 1442 is busy. This 
interrupt is also forced if a read registration check 
or punch check occurs. No subsequent reading or 
punching can be done in the card which caused the 
error regardless of the column in which the error 
occurred, 

There is no time limit on the request for service 
of this interrupt. 


Indicators 


Not Ready. This indicator shows that the 1442 is 
either busy or is not in a ready condition. When 
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Busy. The Busy indicator indicates that-a command 
cannot be initiated because an operation is already 
in progress. 


Last Card. This indicator shows that column 80 of 
the last card has passed the read station and the 
hopper is empty, and will be on when the Operation 
Complete Interrupt occurs. 


Error Check, Indicates that any of seven error con- 
ditions exists in the 1442. Any of the seven error 
conditions remove the 1442 from the ready condition; 
the 1442 can be reset only by depressing the Non- 
Process Run Out key while the hopper is empty. 

The error conditions are: 


1. Read Registration Check. Indicates that a read 
error has occurred. This can result from in- 
correct registration of the card or failure of the 
first and second reading of the column to 
compare equal. When this error is detected, 
an Operation Complete interrupt is forced and 
column interrupts are terminated. 

2. Punch Check. Indicates that a punching error 
has been detected. When this error is detected, 
an Operation Complete interrupt is forced and 
column interrupts are terminated. 

3. Hopper. Indicates card failed to pass properly 
from the hopper to the read station. See Pro- 
gramming Note below. 

4, Transport. Indicates a jam in the stacker. See 
Programming Note below. 

5. Feed Check - Read Station. Indicates a card 
failed to eject from the read station. 

6. Feed Check - Punch Station. Indicates a card 
improperly positioned at the punch station. See 
Programming Note below. 

7. Feed Clutch. Indicates the 1442 took a feed cycle 
that was not called for. See Programming Note 
below. 


Programming Note. Error indicator is not turned on 





until after the operation complete interrupt is given. 
An exception to this is an XIO Start Punch operation 
requiring an automatic feed cycle. If another opera- 
tion is initiated before the error indicator is turned 
on, these errors force an operation complete inter- 
rupt although no reading or writing has taken place. 
An XJO Start Punch requiring an automatic feed cycle 
is treated as two operations: (1) feed cycle (2) punch 
operation. 


IBM 1134 PAPER TAPE READER AND IBM 1055 
PAPER TAPE PUNCH 


The IBM 1134 Paper Tape Reader and the IBM 1055 
Paper Tape Punch (Figures 26 and 27) provide paper 
tape input/output for the IBM 1130 Computing System. 





Figure 26, IBM 1134 Paper Tape Reader 


FUNCTIONAL DESCRIPTION 


The 1134 and 1055 operate under direct program 
control. 

The 1134 Paper Tape Reader reads one-inch 
eight-track paper tape at a maximum rate of 60 col- 
umns per second (cps), 

The 1055 Paper Tape Punch punches one-inch 
eight-track paper tape at a maximum punching rate 
of 14.8 eps. 


Character Code 
The 1134 Paper Tape Reader reads input data into 


the core storage as an image of the holes in the tape. 
One paper tape character is read into each addressed 





Figure 27. IBM 1055 Paper Tape Punch 


core storage location. Any code translation must be 
made by programming, (See Appendix E. ) 

Figure 28 indicates which bits of the word cor- 
respond to the respective holes in the paper tape 
read by the 1134. 

The 1055 Paper Tape Punch punches data as an 
image of the data contained in the core storage word 
on a character-to-character basis as shown in Fig- 
ure 28, 

Special data-character and control~character 
(feed code, etc.) coding and recognition must be 
handled by the stored program. 


Program Load 


An 1130 System that does not have a 1442 Card Read- 
Punch will have the Program Load feature added to 
the paper tape reader. This feature operates by 
means of design logic rather than program control. 
Four-bit paper tape characters are automatically 
assembled into 4~character groups to form 16-bit 
data words. The Program Load feature then loads 
these words into core storage beginning at location 
0000. 

Only tape channels 4, 3, 2, and 1 are used. 
When a channel 5 punch is encountered, program 
loading stops; the IAR is reset to zero; and program 
control begins at 0000. 


Characters —————» = First Second Third Fourth 
Tape Channels ——» 4321 4321 4321 4321 
Bits +0123 4567 891011 12131415 


Channel 


ma Onn © 








—— Core Storage Word 


o0'23 46867 18 





Figure 28, Paper Tape/Core Storage Word Format 


DESCRIPTION OF OPERATION 
Paper Tape Reader 


A Control command initiates the reading of data 

from the 1134. This command moves the paper 

tape the character position and loads the character 
which was at the read station into an input buffer. 

At the time the buffer has been loaded with data, an 
interrupt is initiated signaling the program that infor- 
mation is available for reading into the core storage 
position specified by the Address word of a subse- 
quent Read (Paper Tape) command. 

The elapsed time from the execution of the Con- 
trol (Read Paper Tape) command until the interrupt 
is initiated is approximately 500 us. To maintain 
the 60 cps operating speed of the 1134, the Read 
command must be given with 15 ms after the inter- 
rupt so that another Control (Read Paper Tape) 
command can be executed to energize the reader 
clutch preparatory to reading the next character. 


Paper Tape Punch 


Execution of a command initiates the punching 
of data onto the 1055. The execution of the 
Write command starts the punch, and the data 
in the core storage position specified by the Ad- 
dress word is punched into the tape. Each core 
storage word contains one paper tape character 
to be punched in the tape. 


PROGRAMMING 


The IBM 1134 Paper Tape Reader and the IBM 
1055 Paper Tape Punch operate under direct 
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program control with the exception of the paper 
tape Program Load feature. 


I/O Control Commands (IOCC) 


The 1134 and 1055 are addressed by the same 5- 
bit Device code, 00011. 


Read (010) 





Core Storage Address 


20096 
uu 


This command reads one character from paper 
tape into core storage. 

The Address word specifies the location in 
core storage where the tape character is to be 
stored, 


Write (001) 


0 18 0 4 8 1S 





20097 


This command writes one character from core 
storage to the paper tape punch. The Address 
word specifies the location in core storage where 
the tape character is stored. 


Control (100) 





20098 


This command must be given prior to each char- 
acter to be read from the 1134. Execution of 


this command causes: (1) one character to enter 
the paper tape reader buffer, and (2) the tape to 
be advanced one column. A Reader Service Re- 
sponse interrupt is initiated to indicate that a 
character from paper tape can be read into the 
core storage location specified by a subsequent 
Read (Paper Tape) command. 


Sense Device (111) 


0 5 0 4 8 15 





This command is used to enter the Device Status 
Word (Figure 29) into the ACC. Modifier bit 15 on, 
indicates that the responses are to be reset. 


01 34567 15 








7 Punch Not Ready 
& — Punch Busy 
5 —— Reader Not Ready 
4 Reader Busy 
3 











Punch Response 





1 Reader Response 


Figure 29, Paper Tape Device Status Word 


Interrupts 


Reader Response. This interrupt occurs when 
the reader has completed the execution of a 
Control command, This interrupt indicates to 
the CPU that a character is available to be 
entered into core storage. 


Punch Response. This interrupt occurs when 

the punch has completed punching as directed 

by the execution of a Write command, It indi- 
cates that the punch can accept the next command. 


Indicators 


The following indicators can be entered into the 
ACC by a Sense Device command, 


Punch Not Ready. This indicator is on when tape 
is not feeding freely from the tape spool, when 
the tape pressure roll holder is not down and 
holding the tape against the feed wheel, or when 


tape is not present. Manual intervention is re- 
quired to clear these conditions. The indicator 
is also on if the punch is "busy." (See Punch 
Busy indicator. ) 

This indicator should always be tested by 
the program before a Write command is given. 
If a Write command is given while this indicator 
is on, loss of information will probably occur. 
No indication is given of this loss. 


Reader Not:Ready. This indicator is on when 
the tape tension switch is open. This condition 
exists when the paper tape is broken or not 
feeding freely. Manual intervention is required 
to clear these conditions. This indicator is also 
on if the reader is "busy." (See Reader Busy 
indicator. ) 

The program should test this indicator be- 
fore a Read command is given. If a Read com- 
mand is given while this indicator is on, erro- 
neous data can be read into core storage. No valid 
indication can be given as to whether the data 
read is correct or incorrect. 


Punch Busy. This indicator is on for the total 
time the punch is mechanically engaged and 
punching a character (68 ms). During this time 
the punch should not be sent another Write 
command. 


Reader Busy. This indicator is on from the time 
a Control command (Start Paper Tape Reader) is 
given until data is available. A Reader Response 
interrupt signals that data is available. 


IBM 1627 PLOTTER 


The IBM 1627 Plotter (Figure 30) provides an 
exceptionally versatile, reliable, and easy-to- 





Figure 30. IBM 1627 Plotter 
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operate plotting system for the IBM 1130 Com- 
puting System. The plotter converts tabulated 
digital information into graphic form. Bar charts, 
flow charts, organization charts, engineering 
drawings, and maps are among the many graphic 
forms of data which can be plotted on the 1627 
Plotter. 
Two models of the 1627 are available and 
the major characteristics are as follows. 
Model 1 — Plotting area: 11 inches 
by 120 feet, 1/100-inch 
incremental-step size, 
18,000 steps/minute. 
Model 2 — Plotting area: 29-1/2 inches 
by 120 feet, 1/100-inch in- 
cremental-step size, 12,000 
steps/minute. 
Figure 31 gives more information on both models. 


Model 1 Model 2 
18,000 12,000 
Steps/Min Steps/Min 
Pen Status Change 600 600 
Operations/Min | Operations/Min 


X, Y Increments 
Speed 


Increment 


Width 

Plotting Width 

Length 

Sprocket Hole 
Dimensions 


12 Inches 
11 Inches 
120 Feet 
- 130 Inch Dia 
on 3/8 Inch 


Centers 


31 Inches 
29 1/2 Inches 
120 Feet 
. 188 Inch Dia 
on 1 Inch 
Centers 





Figure 31. 1627 Operating Characteristics 
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OPERATION 


Data from core storage is transferred serially 

to the 1627 under direct program control, where 

it is translated into 1627 actuating signals. These 
signals are then converted into drawing movements 
by the 1627 Plotter. 

The actual recording is produced by incre- 
mental movement of the pen on the paper surface 
(y-axis) and/or the paper under the pen (x-axis). 
The pen is mounted in a carriage that travels 
horizontally across the paper, as viewed from 
the front of the Plotter. The vertical plotting 
motion is achieved by rotation of the pin feed 
drum, which also acts as a platen (Figure 32). 

The drum and the pen carriage are bidi- 
rectional; that is, the paper moves up or down, 
and the pen moves right or left. Control is also 
provided to raise or lower the pen from or to the 


Size 1/100 Inch 1/100 Inch 


Chart Paper Supply 


Pen and Carriage Spool 


X Axis 
Paper 
Motion 





Take=up Spool 


Figure 32. Plotter Paper and Pen Movements 


paper surface. The pen remains in the "raised" 
or "lowered" position until directed to change to 
the opposite status. 


The drum and pen-carriage movements and 
the pen status are controlled by digits trans- 
ferred to the 1627. Each output word is decoded 
into a directional signal which causes a 1/100- 
inch incremental movement of the pen carriage 
(Figure 33) and/or paper, or a raise-pen or a 
lower-pen movement. The motion or action re- 
sulting from each word in the output record is 
shown in Figure 34. 

The time required for execution of raise- 
pen and lower-pen commands is 100 ms. The 
time to plot a point is approximately 5 ms (3.3 
ms for 300 steps/sec). 


PROGRAMMING 


The IBM 1627 Plotter operates under direct pro- 
gram control of the IBM 1130 Computing System. 


4 i 


Start Finish 


( assume pen in down status ) 


Figure 33, Kesult of One Horizontal (y-axis) Movement 
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Figure 34, Plotter Control Codes 


I/O Control Commands (IOCC) 


The 1627 is addressed by the 5-bit Device code 
of the IOCC, 


Write (001) 


0 (5 0 4 8 15 





This command causes bit positions 0 through 5 
of the word in the core storage location speci- 
fied by the Address to be sent to the 1627 to con- 
trol the movement of the pen or drum. 


Sense Device (111) 


0 15 0 4 8 " 15 





This command causes the 1627 Device Status 

Word (Figure 35) to be placed in the Accumu- 
lator. Modifier bit 15 on specifies reset for 

the plotter response. 


Interrupt 


There is only one interrupt associated with the 
1627 attachment, 





14 18 





15 Not Ready 





14 Busy 


Plotter Response 





0 


Figure 35, 1627 Device Status Word 


Plotter Response. This interrupt occurs when 
the 1627 has completed the action specified by 
the last character transmitted by the Write 
command, 


Indicators 


Not Ready. When this indicator is off, it indi- 
cates that the 1627 has Power ON and can accept 
information. 


Busy. This indicates that the 1627 is in a Busy 
status and cannot accept a character. After the 
first Write command the program should wait 
for succeeding plotter interrupts to initiate 
Write commands, If a Write command is given 
while Busy is on, loss of information will prob- 
ably occur. No indication is given of this loss. 





IBM _ 1132 PRINTER 


The 1132 Printer (Figure 36) provides printed output 
for the 1130 Computing System at maximum rates of 
82 lpm (lines per minute) for alphameric printing 
and 110 lpm for numeric printing. The print line is 
120 print positions long; horizontal spacing is 10 
characters per inch. Vertical spacing of six or eight 
lines per inch can be Selected by the operator. 


FUNCTIONAL DESCRIPTION 


The 1132 contains a printwheel with 48 alphabetic, 

numeric, and special characters for each of the 120 
printing positions. Special (FORTRAN) characters 
are as follows: 3 | — 


&-/.$,*()'+5 


Each wheel rotates continuously and moves forward 
to print when the data in the output record specifies 
that the character to be printed is in the print posi- 
tion. Thus, all similar characters for the entire 
line are printed on the same cycle. Forty-eight 
cycles are required to print the complete line. 
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Figure 36, IBM 1132 Printer 


Forms control is provided through a tape- 
controlled carriage that uses the standard IBM car- 
riage tape. Channels 1 through 6, 9, and 12 are 
available to the stored program, 

The 1132 uses interrupt circuitry and responds 
on level 1. The core storage address related to the 
interrupt level is 0009; the device code of the printer 
is 00110. When an interrupt occurs, the DSW (Figure 
37) for the printer can be sensed directly because the 
1132 is the only device on level 1. 


Operation 


The data to be printed is assembled in core storage 
in the same order, including spaces, as the line that 
is to be printed. During each of the 48 cycles neces- 
sary to print all 48 characters, the character next in 
position to print is read from the character emitter 
and is compared with each character of the output 
record, For each equal comparison, a 1-bit is put 
in the printer scan field in the position corresponding 
to the printwheel to be fired. The printer scans the 
field in a cycle-steal mode and fires each printwheel 
whose position contains a 1-bit. The printer scan 
field is located in core storage locations 0032 through 
0039. The 16 bits of each of the first seven words 
and bits 0 through 7 of the eighth word represent the 
120 printwheels. 


o!23 45 67 8 9 10 it 12 13 14 15 





Carriage Control Tape 
15 - Channel 12 


14 - Channel 9 
13 - Channel 6 
12 - Channel 5 
l1- Channel 4 
10 - Channel 3 
9- Channel 2 
8- Channel! 1 


6 - Printer Busy 

5 - Forms Check 

4 - Print Scan Check 

3 - Carriage Busy 

2 - Space Response 

1 - Skip Response 

0 - Read Emitter Response 


Figure 37, 1132 Device Status Word 


PROGRAMMING 


The IBM 1132 Printer operates under direct program 
control of the CPU. 


Printer Control Instructions 


The 1132 Printer is addressed by the binary device 
code of 00110. 


Read Emitter (010) 





This instruction causes the 8-bit code of the next 
character to be printed, emitted by the printer, to 
be read into the core storage location specified. 


Control (100) 


0 180 4 8 13 15 





This command causes the execution of the function 
specified by the modifier bit. A 1-bit in the position 
indicated in parentheses after each instruction 
causes the operation described. 


Start Printer (Bit 8), This causes the printer to 


start taking the printer scan field information. The 
printer continues to take print scan cycles at 11.2ms 


intervals until it receives a Stop Printer command. 
Each position that contains a 1-bit causes the corre- 
sponding printwheel to print the character in position 
on that cycle. After the field of eight words has been 
scanned, al-bitis placed inbit position 0 of the 1132 
Device Status Word, (See Figure 37.) This causes an 
interrupt when level 1 is the highest level waiting. 


Stop Printer (Bit 9). This instruction causes the 


printer to be put in a ready (not-busy) state and 
inhibits subsequent printer interrupts. The Stop 
Printer instruction should not be given until all of 
the following conditions are met: 


e 18 scan cycles have been completed after the 
command to print the last character. 


e The carriage has stopped after a skip operation. 


e The interrupt response from the last space com- 
mand has occurred. 


Start Carriage (Bit 13). This command initiates a 


skip operation, which is halted by a Stop Carriage 
instruction. 


Stop Carriage (Bit 14). This command stops the 
carriage at the end of a Skip operation. A punch in 
carriage control tape channel 1, 2, 3, 4, 5, 6, 9, or 
12 initiates an interrupt request, identified by Bit 1 
of the DSW. When the desired tape channel bit 

in the DSW is on, a Stop Carriage command 

should be given. 


Space (Bit 15). This command is given to space the 
carriage one line after a line is printed. After the 
space operation, an interrupt is initiated and al-bit 
is put in bit position 2 of the DSW to indicate spac- 
ing is completed. Another space can now be initi- 
ated. 


Sense Device (111) 





This instruction causes the DSW of the 1132 Printer 
to be placed in the ACC. The functions of the bit 
positions of the DSW are shown in Figure 37. 


Programming Notes 


Prior to initiating a Start Printer instruction, the 
program should set the printer scan field (0032- 
0039) to zeros to ensure that no erroneous bits are 
sensed on the first scan. 

Before the first line of a record is printed, the 
status of the 1132 indicators should be checked. 

This is done by bringing the printer DSW into the 
ACC with a Sense Device instruction. The modifier 
bits of the Sense Device instruction should be set to 
zeros to prevent. reset of the DSW responses and 
indicators. Bits 3, 5, and 6 (see Figure 37) of the 
DSW are tested. If all three positions are set to 
zero, the printer is ready to print the first line. 

After the code of the next character has been 
emitted by the printer and read into core storage by 
a read emitter instruction, 11.2 ms (milliseconds) 
are available to scan the output record and set up 
the 1-bits in the printer scan field. At the end of 
11.2 ms, the printer begins its scan and fires each 
printwheel represented by a 1-bit. If the program 
has been interrupted for a considerable period by 
level 0, the programmed scan may not have been 
completed. To ensure that the program is aware of 
this condition, the first steps of the scan program 
for each character should clear the printer scan 
field to zeros and, upon completion of the program- 
med scan, place a bit in position 15 of the eighth 
word (0039). When the printer scans the field it 
checks this position. If it is zero, the scan incom- 
plete indicator (bit 4 of the DSW) is turned on. The 
program can test this indicator and branch to an 
error routine that provides for 47 idle scan cycles 
and a resumption of programmed scanning with the 
character not completed. 

After the final scan cycle for a line of printing, 
16 idle scan cycles must be taken before spacing or 
skipping can be started. If the operation is a single 
or double space, the next scan cycle can be started 
two scan cycles after the space operation is initiated 
If the spacing operation is for more than three 
spaces, scan cycles for the next print line can be 
started after the last space command is given. 

After each printer scan cycle, al-bitis placed in 
bit position 0 of the 1132 DSW, causing an interrupt 
when level 1 is the highest pending level. During an idle 
scan cycle the printer scan field should be set to zeros, 
except for bit 15 of the eighth word. This prevents the 
incomplete scan indicator from being turned on. 
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SYNCHRONOUS COMMUNICATIONS ADAPTER 


The Synchronous Communications Adapter special 
feature enables the IBM 1130 Computing System to 
function as a point-to-point data transmission ter- 
minal, using either private or commercial common- 
carrier line transmission facilities. The Adapter 
sends data to or receives data from the line trans- 
mission facilities under control of the stored pro- 
gram in the 1130. It operates on an interrupt-request 
basis similar to that used by other input/output 
devices in the IBM 1130 Computing System. 

The Synchronous Communications Adapter pro- 
vides data interchange between remote locations 
and a central data-processing location. It provides 
communication with Synchronous Transmit-Receive 
(STR) devices such as the IBM 1009 Data Trans- 
mission Unit, the IBM 7701 and 7702 Magnetic Tape 
Transmission Terminals, the IBM 1013 Card Trans- 
mission Terminal, the IBM 7710 and 7711 Data 
Communication Units, as well as other IBM 1130 
Computing Systems. 

The adapter operates entirely under the control 
of the stored program in the 1130. While most 
applications require STR operation to match existing 
equipment, the mode of operation and the character 
coding are not limited by the functional electronics, 
therefore, compatibility with a variety of devices is 
possible. 


Character Coding 


All character coding is controlled by the stored 
program and is based on a character length of 8 bits. 
Recognition of control characters and checking for 
data transmission errors are also functions of the 
stored program. The four-of-eight line transmission 
code shown in Figure 1 is usually used, but in gen- 
eral, any character set which is recognized by both 
the transmitting terminal and the receiving terminal 
can be used. An appropriate analogy might be to 
consider two people conversing on the telephone: it 
matters little what language these two people use as 
long as each party understands what the other party 
has to say. 


LINE ATTACHMENT 


The Synchronous Communications Adapter is attached 
to either private or commercial line transmission 
facilities through a common-carrier data set. In 
the United States the interface for this data set is 
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defined by EIA* Standard RS-232-A and requires a 
Western Electric data set model 201A4, 201B2, 
202C1, 202D1, or an IBM approved equivalent. 
Outside the United States the data set is defined by 
the CCITT** Standard and requires an IBM 3977 
Modem or an IBM approved equivalent. 

The adapter can operate in half-duplex mode 
using either two-wire or four-wire line transmission 
facilities. Data rates, selected by the machine 
operator, are 600, 1200, 2000, or 2400 bits per 


second (Baud). 











4 of 8 Code 
NXOR 8421 . 


4 of 8 Code 
NXOR 8421 

















1111 0000 F 0110 0110 
0110 G 1000 0111 
: 1000 H 0111 1000 
< 0110 I 0110 1001 
( 0101 J 1101 0001 
+ 0011 K 1101 0010 
1000 L 1100 0011 
& 1000 M 1101 0100 
! 1100 N 1100 0101 
$ 0100 O P1260 031.6 
* 1100 P 0100 0111 
) 0101 Q 1101 1000 
0011 R 1100 1001 
= 0100 1010 
2 0100 S 1011 
/ 1011 T 1010 
0010 U 1011 
1010 Vv 1010 
010) W 1010 
0011 x 0010 
0010 Y cs 
0010 Z 1010 
0001 0 1001 
1001 1 1110 
0000 2 1110 
0001 3 1001 
0001 4 1110 
Ay 5 1001 
0111 6 1001 
9110 7 0001 
0111 8 1110 
0110 9 1001 





Figure 1, 4-of-8 Line Transmission Code 


*Electronic Industries Association (EIA) 
**Consultive Committee on International Telephone and Telegraph 
(CCITT) 


Half-Duplex Operation 


Half duplex is a mode of operation wherein either 
terminal can transmit or receive in conjunction 

with the remote terminal, but neither terminal can 
transmit and receive data simultaneously. In effect, 
the operation is quite similar to a normal telephone 
conversation, that is, one party talks while the 
other party listens. During the course of the con- 
versation, each party may alternate between talking 
and listening as often as necessary. 


Two-Wire Operation 
Synchronous Transmit-Receive operations with a 


2-wire half-duplex transmission system require a 
delay of approximately 200 milliseconds when the 


adapter switches from receiving to transmitting data. 


This turn-around delay allows the data set and the 
communication lines to reverse the direction of 
transmission and line echo to settle. The amount 
of delay is therefore related to the character of the 
line and data set. Line turn-around time is con- 
trolled by the data set and, when completed, the 
data set signals the adapter. The adapter does not 
transmit until the data set signals the completion 
of line turn-around. 


Four-Wire Operation 


When the adapter is connected to a 4-wire half- 
duplex transmission system, line turn-around time 
can be practically eliminated, and the adapter can 
remain synchronized by transmitting Idles on one 
pair of wires while receiving data on the second 
pair of wires. 


FUNCTIONAL DESCRIPTION 


The entire Synchronous Communications Adapter, 
except for the data set, is contained within the 1131 
Central Processing Unit. The adapter functions as 
an input/output control unit between the 1130 system 
and the transmission line. All data transfer is 
character synchronous. This means that once an 
initial Idle character is recognized, each subsequent 
character is recognized as a group of incoming data 


bits timed by an internal electronic clock. Continuous 


regulation of the receiver's clock is provided. 
Incoming data from the transmission line is 
serial-by-bit and serial-by-character. As the data 
comes in, it is stored, one bit at a time, in the 
adapter buffer register until the register contains a 
complete character. Then the adapter initiates an 
interrupt request to notify the CPU that a character 


is ready to be read into core storage. When the 
interrupt request is serviced, the character is read 
in parallel into the high-order 8 positions of a 16- 
bit word in core storage. 

Outgoing data, from core storage to the trans- 
mission line, is taken in parallel from the high order 
8 positions of the address location in core storage. 
The adapter initiates an interrupt request to notify 
the CPU that the adapter is ready to accept a 
character from core storage. When the interrupt 
request is serviced, the character is transferred in 
parallel to the adapter buffer register. Data from 
the register is subsequently sent to the transmission 
line one bit at a time. 

Data transfer to or from the transmission line 
begins with the low order position. Each 8-bit 
character is located in bit positions 0-7 of a 16-bit 
core storage location as follows: 


bit transfer bit position 
sequence in core storage 
first 7 
second 6 

third 5 

fourth 4 

fifth 3 

sixth 2 
seventh 1 

eighth 0 


Synchronous Transmit-Receive (STR) Operation 


IBM Programming Systems support for the adapter 
uses the STR mode of data transmission. Other 
modes of data transmission, which depend on 
character synchronism can be implemented by the 
user to satisfy his own requirements. In STR 
operation all characters contain a fixed number of 
bits. Two types of characters are used: 


1. Control characters are used to control line 
functions; i.e., to acknowledge receipt of a 
message, to acknowledge synchronization, to 
signal start of a message or the end of a trans- 
mission. The four-of-eight code, used by STR 
devices, contains six characters used to con- 
trol line functions. 

2. Data.characters contain the information to be 
transferred to or from the adapter. The four- 
of-eight code contains 64 valid data characters, 
however, some STR devices do not utilize all 
of the 64 data characters. The 1130 system 
can recognize any or all of the 64 data charac- 
ters as directed by the stored program, but 
the programmer should determine the character 
set recognized by the remote STR to avoid 
sending invalid characters. 
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Control Operations 


The four-of-eight code contains special characters 
which are reserved for control functions. These con- 
trol characters and their bit structures are shown 
in Figure 2. Control sequences are initiated by the 
1130 program and are transmitted to the remote 
terminal as data. The remote terminal then has the 
responsibility of recognizing the control sequence 
and responding appropriately. 


4 of 8 Code 


Control Characters 


Idle 


Start of Record 1 or Acknowledge 1 
(SOR 1 or ACK 1) 
Start of Record 2 or Acknowledge 2 
(SOR 2 or ACK 2) 


Transmit Leader (TL) 

Control Leader (CL) 

End of Transmission (EOT)* 
Inquiry or Error (INQ or ERR) 


Telephone * 


Longitudinal Redundancy Check (LRC)** 





* Also used as a data character 


**This character has a 0 bit in each bit position that contained an 
even number of 1 bits for that bit position in the data record. If 
that bit position in the record had an odd number of 1 bits the 
LRC character ranges from all Os to all Is and thus, is not in the 


4 of 8 code. 


Figure 2, Control Characters 


All operations of the adapter are programmed and 
controlled by the 1130 system program. The pro- 
gram places the adapter in either the synchronize, 
transmit, or receive mode. In addition the program 
must store the Idle character in the idle register 
and, must generate the longitudinal redundancy 
check (LRC) character which is transmitted at the 
end of each record. 

The Idle character is a special character which 
the adapter transmits automatically to the receiving 
terminal when no other data or control characters 
have been transferred to the adapter transmission. 
This condition occurs during the synchronization 
mode at the start of each transmission, and when 
the program responds too slowly to the adapters 
request for data. The Idle character is not in- 
cluded in the LRC character. 
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Control characters are used generally in two 
character sequences (Figure 3). Each sequence is 
made up of a leader character and a trailer character. 
Two of the six control characters can be used as 
leaders of a control sequence. These are the Trans- 
mit Leader (TL) character and the Control Leader 
(CL) character. The special characters used as 
trailers each have two possible meanings depending 
on whether the TL or the CL character precedes 
them. For example, the INQ@/ERR character is 


.interpreted as an INQ character when preceded by the 


TL leader and is interpreted as an ERR character 
when preceded by the CL leader. The End of 
Transmission sequence and the Telephone sequence 
consist of one control character followed by one of 
two data characters. These data characters are 
interpreted as being part of a control sequence only 
when they are preceded by the CL character. When 
not preceded by the CL character, they are inter- 
preted as data. 


Control Character Sequence 


Leader Trailer 
Character Character 




















Control Sequence 


End of IDLE (EOI)* 
Inquiry (Synchronized ?) 
Acknowledge (Synchronized) 


Telephone Sequence 






Start of Record 1 (SOR 1) 
Ist or odd numbered record 






Start of Record 2 (SOR 2) 
2nd or even numbered record 


End of Transmittal Record (EOTR) 
Acknowledge Record 1 





Acknowledge Record 2 
Repeat Last Record (ERROR) 


End of Transmission (EOT) 
Acknowledge EOT 





*This sequence is always preceded by a 1-1/2 second transmission of 


IDLE characters. 


Figure 3. Control Sequences 


The Inquiry control sequence is used by a terminal 
when it wishes to transmit a message. The terminal 
that is in control status may at any time send the 
Inquiry control sequence, which notifies the other 
terminal of the desire to transmit and asks for 


permission to do so. If the other terminal is able 
to receive a message, it acknowledges the Inquiry 
control sequence with an Acknowledge sequence. 

The Start of Record control sequence is trans- 
mitted immediately before each block of data. The 
Start of Record 1 (SOR 1) control sequence is trans- 
mitted before the first, third, fifth, etc., record 
of each message, while the Start of Record 2 (SOR 2) 
control sequence is transmitted before the second, 
fourth, sixth, etc., record of each message. This 
odd-even labeling of each record is used to ensure 
that no records of a message are lost or duplicated. 

The End of Transmittal Record control sequence 
is sent immediately after each record of a message. 
The End of Transmittal Record control sequence 
contains the LRC character which is used to check 
the validity of the transmission. 

One of the Acknowledge control sequences is 
sent by the receiving terminal after it correctly 
receives each block of data. This control sequence 
indicates to the transmitting terminal that it may 
proceed to send another record. The Acknowledge 
Record 1 control sequence should be sent after a 
record that began with the Start of Record 1 control 
sequence is received, while the Acknowledge Record 
2 control sequence should be sent after a record that 
began with the Start of Record 2 control sequence is 
received. This assures the sender that the receiver 
has not lost a record. Either of the Acknowledge 
control sequences also is used as a "yes" to the 
Inquiry control sequence. 

The Repeat Last Record (Error) control sequence 
is sent by a receiving terminal if it receives a block 
of data that is in error. This sequence notifies the 
transmitting terminal that it should repeat the 
transmission of the last record. 

The End of Transmission control sequence is 
sent by the transmitting terminal after it has sent 
the last record of a message. This indicates that 
the message has been sent completely. A receiving 
terminal answers the End of Transmission control 
sequence by sending back an End of Transmission 
control sequence, thereby notifying the transmitting 
terminal that the receiving terminal has received 
the full message. After the transmission of these 
two End of Transmission control sequences, the two 
terminals return to synchronize mode of operation 
and exchange Idle characters. 

The Telephone control sequence can be sent by 
either terminal and indicates that the terminal 
operator desires voice communication, via the 
handset, with the other terminal operator. 


Synchronize Mode 


The synchronize mode provides a means of synchroniz- 
ing the transmitting and receiving terminals to ensure 
the proper recognition of data bits and characters 
as they are transmitted between terminals. The 
synchronize mode, sometimes referred to as hand- 
shaking, consists of the transmission of a series of 
characters for 1.5 seconds, followed by a control 
sequence and then turning around and listening for 
a similar series of characters from the other terminal 
for 3 seconds. The time intervals for transmit (1.5 
seconds) and receive (3 seconds) are controlled by 
timers in the adapter. The timers are under control 
of the program. The character used in the synchro- 
nization sequence is called an Idle character. 

At the end of the 1.5 second transmission time, 
the transmitting terminal sends an end-of-idle 
control sequence — a control leader (CL) followed by 
an Idle character — (Figure 3). This control sequence 
signals the receiving (remote) terminal to change 
from receive mode to transmit mode. When the 
turn-around is completed (200 ms for 2-wire-half- 
duplex) the remote terminal transmits the Idle 
character for 1.5 seconds. At the end of this time the 
remote terminal sends the end-of-idle sequence. If 
neither terminal has a message to transmit, the 
synchronization Sequence continues. 


Transmit Mode 


When a terminal has a message to transmit, that 
terminal sends 1 or more Idle characters followed 
by the Inquiry sequence. This sequence informs 
the remote terminal that a message is about to be 
transmitted. The remote terminal, if it is in syn- 
chronization and is ready to receive, sends an 
Acknowledge control sequence. On receipt of the 
Acknowledge sequence, the transmitting terminal 
transmits its message. 

The first two characters of a message are the 


- Start-of-Record-1 sequence. This sequence is 


preceded by one or more idle characters. This 
sequence is followed by the message data characters 
for this record. At the end of the record, the End- 
of-Transmittal-Record (EOTR) sequence is sent. 

This sequence consists of a TL character and a 
longitudinal redundancy check (LRC) character. Two 
functions are performed by this sequence: it indicates 
the end of the record, and provides (via the LRC 
character) the receiving terminal with a method of 
checking for a complete message. The receiving 
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terminal acknowledges the EOTR by sending 
the Acknowledge 1 or 2 sequence (if LRC com- 
pares) or by the error sequence (if LRC does 
not compare). 

Messages which contain more than one 
record, indicate the start of the second record 
by sending a Start-of-Record 2 sequence. The 
Start-of-Record 1 sequence is used each time 
an odd numbered record is transmitted, and 
the Start-of-Record 2 sequence is used each 
time an even numbered record is transmitted. 
The use of the two different start of record 
sequences enables detection of lost or dupli- 
cated data records from a terminal. 

When the receiving terminal has acknow- 
ledged the correct receipt of the last record 
of a message, the transmitting terminal sends 
the end of transmission sequence. This se- 
quence consists of a CL character and an 
End-of-Transmission (EOT) character. The 
receiving terminal acknowledges the EOT se- 
quence by returning the same sequence. The 

terminals, if so programmed, return to the 
synchronize mode. 


Receive Mode 


In the receive mode, the adapter accepts data from other 
STR devices and transfers it to the 1130 core storage. 
Prior to the transfer of data, the transmitting and re- 
ceiving terminals must be synchronized. 

In the receive mode, the adapter compares the in- 
coming data to the character inthe idle register. After 
the first Idle character has been recognized, the first 
non-Idle character detected informs the adapter that data 
is on the line so that all subsequent characters in the rec- 
ord canbetransferred into core storage. When the 
transmitting terminal signals the end of a record, the 
1130 program checks the transmitted LRC character with 
the one compiled from the received record. Ifthetwo 
LRC characters are the same, the 1130 program gener- 
ates the appropriate acknowledgement which is then sent 
from the adapter to the transmitting terminal. If the 
LRC characters are not the same, the 1130 program re- 
sponds with an error sequence which is then sent from 
the adapter to the transmitting terminal. Normally, 
the 1130 program requests that the previous record be 
transmitted again. The number of transmission attempts 
is controlled by the programmer and may vary. 


PROGRAMMING 


All adapter operations are programmed using the 
1130 XIO instruction (see Execute I/O description 
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in IBM 1130 Functional Characteristics manual). 
The effective address portion of the XIO instruction 
specifies the address of the two word IOCC which 
is required for the desired operation. 

The adapter interrupts the 1130 system program 
on interrupt level 1. Bit position 1 of this interrupt 
level status word (ILSW) indicates that the interrupt- 
ing device is the adapter. The program then senses 
the device status word (DSW). 

The DSW is generated by the adapter to indicate 
the cause of the interrupt (Figure 4). 


0123456 7 8 15 





Paces ot 8 ~ Receive Run 


7 - Ready 

6 - Enabled 

5 = Busy 

4 - Auto Answer Request 
3 - Timeout 

2 - Check 

1 = Write Response 


0 - Read Response 


Figure 4. Device Status Word 


The DSW bit positions indicate the following conditions: 


Bit 0 - The adapter is in receive mode and the buffer 
register in the adapter contains a data 
character which should be transferred into 
the 1130 core storage. 

Bit 1 - The adapter is in transmit mode and requires 
a data character from the 1130 core storage 
for transmission. 

Bit 2 - This bit indicates an error condition, data 
overrun, or character gap. 

Data overrun indicates that the data 
character, received or transmitted, came 
too soon for correct retrieval by the adapter. 
This condition results in a loss of data and 
is usually a program error. 

Character gap indicates that the data 
characters are being received or transmitted 
too slowly for correct adapter operation. 
This condition is usually a program error. 

Bit 3 - This bit indicates the end of the 1.5 second 
time for the transmission of Idle characters, 
or the end of the 3 second listening time for 
synchronization. 

Bit 4 - This bit indicates a remote terminal is sig- 
naling the adapter and requires an answer. 


Bit 5 - This bit indicates that the adapter is in either 
the receive or transmit mode. 

Bit 6 - This bit indicates that the adapter has been 
programmed for an auto answer request (see 
Bit 4). 

Bit 7 - This bit indicates that the data set is connected 
and ready to receive or transmit data. 

Bit 8 - This bit is used with 2-wire half-duplex 
systems only. It indicates that the adapter is 
in the ''slave'' mode. In "slave" mode the 
adapter transmits the normal acknowledge 
responses but does not transmit data records. 


1/0 CONTROL COMMANDS (IOCC) 


The adapter is addressed by the 5~bit (bits 0 through 
4) device (area) code in the IOCC. This code is 
1019 (binary 01010). 


Write (001) 


0 15 0 4 
Core Storage Address lo101 ofo0 4] 





15 





A write command without a modifier bit instructs 
the 1130 to transfer the contents of the specified 
core storage address to the adapter buffer. The 
adapter then serializes the contents of the buffer 
register onto the transmission line. 

If the modifier bit 13 is set,the 1130 transfers the 
data to the idle register in the adapter. The adapter 
buffer is not used and the data is not transmitted 
from the adapter at this time. The Idle character 
is transmitted during the synchronize mode or when 
the adapter is in transmit mode and has not received 
a data character for transmission. 

Modifier bit 14 turns off audible alarm trigger 
in the adapter. 

Modifier bit 15 turns on the adapter alarm 
trigger. 


Read (010) 


0! 234 56 7 8 9 10 tt i2 13 14 15 0 








Core Storage Address 


The read command instructs the 1130 to transfer the 
contents of the adapter buffer to the core storage 
location specified in the address portion of the com- 
mand. 


Sense Interrupt (011) 


0 15 0 4 8 





The sense interrupt command causes the 1130 to 
transfer the interrupt level status word (ILSW) to 
the accumulator and examine it for the cause of the 
interrupt. Bit position 1 of the ILSW indicates the 
adapter was the interrupting device. The device 
status word is then examined to determine the cause 
of the interrupt in the program. 


Control (100) 





The control command is always used with a modi- 
fier bit. This command causes the adapter to 
accomplish the functions specified by the modifier. 

Modifier bit 8, when set to 1, enables the 
adapter for Auto Answer operation. Auto Answer 
allows the adapter to interrupt the 1130 program 
in response to a telephone ring from the remote 
terminal. 

Modifier bit 9, when set to 1, disables the Auto 
Answer operation and does not allow a telephone 
ring from the remote terminal to interrupt the 
1130 program. 

Modifier bit 10, when set to 1, changes the 
state of the timer trigger from on to off or from 
off to on. 

Modifier bit 11 sets the adapter to the synchronize 
mode. 

Modifier bit 13 is the end operation command. 
This command resets the adapter regardless of the 
mode of operation. If the adapter is in the transmit 
mode, the reset is delayed until a character gap 
of 1 character is detected. It then resets the adapter. 
End operation also resets the timers used in the 
synchronization mode and disconnects the adapter 
from the communication line. 


Start Write (101) 


i) 





The start write command places the adapter in the 
transmit mode of operation. 


Start Read (110) 


01234 56 7 8 9 10 Il 12 13:14 15 0 4 


8 9 10 W 12 13 14:15 







The start read command places the adapter in the 
receive mode of operation. 
A start read command with modifier bit 14 on, 


sets the send-receive run trigger and places the 
adapter in 'slave'’ mode operation. This mode of 
operation is used with 2-wire half-duplex systems. 
In the "slave" mode the adapter should not be pro- 
gramed to transmit data records to the master. 
The only transmissions that the adapter will make 
are the normal responses to the inquiry from the 
master and the normal acknowledgements. The 
start read command and a modifier bit 15 clears 
the send-receive run trigger and removes the adapter 
from "slave" mode operations. This places the 
adapter in the ''master" mode which is used for the 
transmission of data. 
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Figure 5, Console Panel 
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Sense Device (111) 





The sense device command instructs the 1130 to 
sense the Device Status Word (DSW). The DSW word 
is generated by the adapter to indicate the cause of 
the interrupt. The DSW word for the adapter is 
shown in Figure 4. 


INDICATORS AND SWITCHES 


The console panel for the 1131 CPU with the adapter 
installed is shown in Figure 5. The non-shaded 
portion of the figure shows the indicators which 
relate to the adapter, 
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Figure 6. Console Keyboard 


(RDY) Ready: This indicator lights when the 

data set is ready. 

(ABL) Enabled: This indicator lights when 

the 1130. program has enabled the adapter 

to respond to a ring indicator signal from 

the data set. 

(REC) Receive: This indicator lights when the 
adapter receive trigger is on. 

(TSM) Transmit Mode: This indicator lights 
when the adapter is in the transmit mode. 
(BFR) Buffer Loaded: This indicator lights 

when the buffer contains data. 

(CLK) Clock Running: This indicator lights 

when the receive clock is running. 

(DI) Data IN: This indicator lights when the receive 
data line from the data set is at a receive space level. 
(CP) Character Phase: This indicator lights 
when the adapter is operating in character phase, 


The addition of the adapter to the 1130 System 
also modifies the switches and lights on the console 
keyboard and the switch panel below the disk drive 
as shown in Figures 6 and 7. The shaded portions 
of the figures are unchanged. 
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SWITCHES 





ON CONSOLE 
POWER KEYBOARD 
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Figure 7. Operator Panel 


STR Switch: This toggle switch in the STR 
position places the adapter in the STR mode of 
operation. 

Speed Selection Switch: This rotary switch is 
set to establish the number of bits per second 
which may be transmitted or received. In 
actual practice the switch setting is determined 
by the data set. 

Single Cycle Pushbutton: This pushbutton switch is 
used by the CE to aid in maintaining the adapter. 
CE Mode Switch: This switch is used by the CE 
in maintaining the adapter. This switch must 
be turned OFF for normal adapter operations. 
Space/Mark. Switch: This switch is effective 
only when the CE mode switch is on. 

Audible Alarm Switch: This switch is located 
on the console keyboard and provides a means 
of turning off the adapter alarm in the CPU, 
should the program not do so for any reason. 
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APPENDIX A. NUMBER SYSTEMS 


NUMBER CONCEPT 


The concept of assigning a symbol to represent a 
value or a quantity has been important to man since 
the earliest attempts to communicate, As life 
became more complex, the need for symbols to 
represent more than one or two and be more precise 
than ''many' became evident, Early counting 
methods, based on the ten fingers on both hands, 
evolved into the decimal system, which is in common 


use today. 
The decimal system is built around the base 


ten and uses the 0,1,2,3,4,5,6,7,8, and 9 symbols. 
Combining these symbols and the place system for 
their arrangement, any number can be expressed, 
no matter how large or how small. The value of 


each symbol depends on its place in a row of symbols. 


For example, the symbol 1, by itself, has a place 
value of 1. Combined with another symbol, as in 
21, the 1 symbol still has a place value of 1. Re- 
verse the symbols, however, (12) and the 1 symbol 
now has a place value of 10. 

This concept can be readily applied to any other 
number system. For example, imagine a number 
system containing only the symbols 0,1,2,3, and 4. 
Since there are five symbols used, the system is 


called quinary or, more commonly, a base 5 system. 


To count in this system, the first symbol used is 
the 0. This is followed by the 1,2,3, and 4. At 
this point, all five symbols have been used. The 
next step is to assign the decimal value of five to 
the 1 symbol by placing it one position to the left 
and combining it with the 0 symbol (10). This com- 
bination is then followed by the 11, 12, 13, and 14 
combinations. The third symbol in the system (2) 
is then assigned the decimal value of ten and is © 
combined with the 0 giving the combination 20. This 
is followed by 21, 22, 23, 24, 30, and so forth. 

The following table shows the arrangement of 
symbols used to represent the same values in each 
system of notation. 


Decimal Quinary Decimal Quinary 
0 0 10 20 
1 ] ll 21 
2 2 12 22 
3 3 13 23 
4 4 14 24 
5 10 15 30 
6 11 16 31 
7 12 17 32 
8 13 18 33 
9 14 19 34 
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The main difficulty in using an unfamiliar num- 
ber system is recognizing the new values assigned 
to familiar symbols. For example, to add the deci- 
mal symbols 3 and 4 and get a decimal result of 7 
is simple for anyone acquainted with the decimal 
system. To add the quinary symbols 3 and 4 and 
get a quinary result of 12 is more difficult because 
of limited use of the quinary system. 


Arithmetic Tables 


The construction of arithmetic tables makes oper- 
ations faster and easier. Table 2 shows sample 
add tables for both decimal and quinary systems. 

To use these tables, the symbols being added 
(3 and 4 in the decimal table ) are located, one on the 
top and the other on the left side of the table. Lines 
are then projected until they meet. The value at 
the intersection is the result of the addition. Using 
the quinary table: 4+3=12, 11+4=20, 2+4=11, 
and so forth. The results are expressed in quinary 
values. 

The same principle may be applied. to other 
arithmetic processes. Multiply tables for both 
systems are shown in Table 3. The use of these 
tables is the same as with the add tables; only the 
results differ. For example, 3 x 4 with the deci- 
mal table gives the result of 12, while 3 x 4 with 
the base 5 table gives the result 22; both results 
represent the same quantity. 


Table 2, Add Tables 











Decimal Quinary 
0 1 2:3! 4 ee ee 
ofo 1 2'3'!4 0 2'3' 4 10 
1/1 2 3 44 5 1 3'4'10 VW 
aie ae ee eo 2 410! 11 12 
313 _4 5 '617 3.1.3 4 10:1, 12 13 
4[4_5 61/7; 8 “414 10 1(12!13 14 
515 6 7 8 9 To [10 12 13 14 20 
61/6 7 8 9 10 1 13.14 20 21 
Table 3, Multiply Tables 
Quinory 





Binary Mode 





Computers function in what is called a binary mode. 
This term simply means that the computer compon- 
ents can indicate only two possible states or condi- 
tions. Therefore, the binary mode system may also 
be called a base 2 system. For example, the ordinary 
light bulb operates in a binary mode; it is either on, 
producing light; or it is off, not producing light. The 
presence or absence of light indicates whether the 
bulb is on or off. Likewise, within the computer, 
transistors are either conducting or not conducting, 
magnetic materials are magnetized in one direction 
or in the opposite direction; and specific voltage 
potentials are present or absent (Figure 38). The 
binary modes of operation of the components are 
signals to the computer, as the presence or absence 
of light from an electric light is to a person. 

Representing data within the computer is 
accomplished by assigning or associating a specific 
value to a binary indication or group of binary indi- 
cations. For example, a device to represent values 
could be designed with four electric light bulbs and 
switches to turn each bulb on or off (Figure 39). 

The bulbs are assigned arbitrary values of 1, 
2, 4, and 8. When a light is on, it represents the 
value associated with it. When a light is off, the 
value is not considered. With such an arrangement, 
the single value represented by the four bulbs will 
be the numeric sum indicated by the lighted bulbs. 


0 State 1 State 


Magnetic Core 


ee 


Relay or Switch 


aes 


Tube or Transistor 








Electrical Pulses 


Figure 38. Binary Indicators 





Figure 39. Decimal Data Representation 


Values 0 through 15 can be represented. The 
value 0 is represented by all lights off; the value 15, 
by all lights on; 9, by having the 8 and 1 lights on 
and the 4 and 2 lights off; 5, with the 1 and 4 lights 
on and the 8 and 2 lights off; and so on. 

The value assigned to each bulb or indicator in 
the example could have been something other than 
the values used. This change would involve assign- 
ing new values and determining a scheme of operation. 
In a computer, the values assigned to a specific 
number of binary indications become the code or 
language for representing data. 

Because binary indications represent data within 
a computer, a binary method of notation is used to 
illustrate these indications. The binary system of 
notation uses only two symbols, zero (0) or one (1), 
to represent all quantities. In any single position of 
binary notation, the 0 represents the absence of a 
related or assigned value and the 1 represents the 
presence of a related or assigned value. Using the 
light bulbs in Figure 32, for example, the binary 
notation 0101 would represent a decimal 5. 

The binary notations 0 and 1 are commonly 
called bits. The 0 bit is described as no bit and 
the 1 bit is described as abit. Although 0 or 1 
bits are necessary to illustrate the condition of a 
binary indication or a group of binary indications, 
the 1 bits are the bits generally referred to. For 
example, the binary notation 0101 of Figure 32 
would be described as having a bit in the 1 and 
4 bit positions. The assumption is that there 
are no bits (0 bits) in the 2 and 8 bit positions. 


Binary Number System 
In some computers, the values associated with 
the binary notation are related directly to the 


binary number system. This system is not used 
in all computers, but the method of representing 
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values using this numbering system is useful in 


learning the general concept of data representation. 


The common decimal number system uses ten 
symbols or digits to represent all quantities, and 
the place value of the digits signifies units, tens, 
hundreds, thousands, and soon. The binary or 
base 2 number system uses only two symbols or 
digits: 0 and 1. The position value of the bit 
symbols (0 or 1) is based on the progression of 
powers of 2; the units position of a binary number 
has the value of 1; the next position, a value of 2; 
the next, 4; the next, 8; the next, 16; and so on 
(Figure 40). 


aire [sovepooe froze pprepse ze [a] pe [eP Pe] 


Figure 40. Place Value of Binary Numbers 


In pure binary notation, the binary digits or 
bits indicate whether the corresponding power of 
2 is absent or present in each position of the 
number. The 1 bit represents the presence of 
the value and the 0 bit represents the absence of 
the value. The place value of the digits does not 
signify units, tens, hundreds, or thousands, as in 
the decimal system; instead, the place value 
signifies units, twos, fours, eights, sixteens, 
and soon. Using this system, the quantity 12, 
for example, is expressed with the symbols 1100, 
meaning (1 x 23) + (1x 22) + (0 x 21) + (0 x 29) or 
(1x 8) + (1x 4) + (0x2) + (0x 1). 

Figure 41 shows the binary representation 
of the decimal values 0 through 9. Note that the 
decimal digits 0 through 9 are expressed by four 
binary digits. The system of coding or expressing 
decimal digits in an equivalent binary value is 


25 » 
a> 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


oonr~7-o0o=7 — 0 O}jp 
—~o-o-0o- o-oo] 





Figure 41. Binary Representations 
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called binary coded decimal (BCD). For example, 
the decimal digits 2, 6, 5, 4, 9, and 8 would appear 
in binary coded decimal form as shown in Figure 42 

Although binary numbers, in general, have 
more terms than their decimal counterparts (about 
3.3 times as many), computation in the binary 
system is quite simple. 

For addition, it is only necessary to remember 
three rules: 


1. Zero plus zero equals zero. 

2. Zero plus one equals one. 

3. One plus one equals zero with a 
carry of one to the next position 
on the left. 


To see how the rules work, consider the 
addition of 15 + 7, with these numbers expressed 


in binary notation: 


Sixteens Eights Fours Twos Ones 


( Carries ) (1) (1) (1) (1) 
0 1 ] 1 = 15 
0 0 1 1 l= 7 
1 0 1 1 0 = 22 


In the ones column, we have 1+ 1 for a sum 
of 0 and a 1 carried to the twos column. In the 
twos column, we have 1+ 1 for a sum of 0, but 
we must also add the carry from the ones column, 
making a final sum of 1 with a carry to the fours 
column. In the eights column, we have a 1+ 0 
giving a sum of 1, but adding in the carry from 
the fours column makes the final sum 0 with a 
carry to the sixteens column. In this column, 
we have 0 + 0, giving a sum of 0 and to this we 
add the carry from the eights column, making a 
final sum of 1. 

The resultant sum of the addition contains 1's 
in the sixteens, fours, and twos column, which is 
the binary representation of 22, the correct sum 
of 15 plus 7 (16 + 4+ 2 = 22). 

The rules for subtraction of binary digits are 
equally simple: 

1. Zero minus zero equals zero. 

2. One minus one equals zero. 





Figure 42, Binary Coded Decimal 


3. One minus zero equals one. 
4. Zero minus one equals one, with one bor- 
rowed from the left. 


Using the same numbers as we did in the addition, 
the subtraction is: 


SIXTEENS EIGHTS FOURS TWOS ONES 


( Borrows ) (0) (0) (0) (0) (0) 
0 ] 1 ] 1 = 15 
- 0 0 1 1 l= 7 
0 1 0 0 0= 8 


In the ones column we have 1 - 1 for a sum of 0 
with no borrows. The same procedure occurs in the 
twos and fours columns. In the eights column, we 
have 1:- 0 for a sum of 1. In the sixteens column, 
we have 0 - 0 for a sum of 0. With the subtraction 
finished, we have 1's in the eights column only, sig- 
nifying the answer to be 8. 

For multiplication, only three rules are needed: 

1. Zero times zero equals zero. 

2. Zero times one equals zero; no carries are 

considered. 

3. One times one equals one. 


In the binary multiplication table, all that is 
necessary when multiplying one number (multipli- 
cand) by another (multiplier) is to examine the multi- 
plier digits one at a time and, each time a 1 is found, 
add the multiplicand into the result, and each time a 
0 is found add nothing. The multiplicand must be 
shifted for each multiplier digit, but this is no dif- 
ferent from the shifting done in the decimal system. 

An example of binary multiplication is 26 x 19: 


DECIMAL BINARY 
26 = 16+8+0+2+ 0 = 11010 

xX 19 = 16+0+0++2 +1 = 10011 
Using the rules, the product is 11010 
arrived at by a series 11010 
of adding the multiplicand 00000 
and shifting whenever 00000 
a 1 is in the 11010 
multiplier. 111101110 


Interpreting the binary result of the multiplication 
by using the ones, twos, fours,...etc. system, we 
find: 


256 + 128 + 64+ 32+0+8+4+2+0 


which equals 494, proving the problem. 

Binary division is accomplished by applying 
similar concepts. From the examples of addition, 
subtraction, and multiplication, you can see that 
whatever operation the computer is working on is 
accomplished by repetitive addition. 

The computer uses the binary system internally. 
However, it is able to convert one system to another 
by using a stored program. Thus, input/output data 
may be expressed in decimal (or any other) form when 
the programmer finds it convenient to do so. 


Hexadecimal Number System 


It has been noted that binary numbers require about 
three times as many positions as decimal numbers to 
express the equivalent number. This is not much of 
a problem to the computer; however, in talking and 
writing or in communicating with the computer, these 
binary numbers are bulky. A long string of 1's and 
0's cannot be effectively transmitted from one indi- 
vidual to another. Some shorthand method is 
necessary. 

The hexadecimal number system fills this need. 
Because of the simple relationship of hexadecimal to 
binary, numbers can be converted from one system 
to another by inspection. The base or radix of the 
hexadecimal system is 16. This means there are 16 
symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, 
E, and F. The letters A, B, C, D, E, and F repre- 
sent the 10-base system values of 10, 11, 12, 13, 14, 
and 15, respectively. 

Four binary positions are equvalent to one hexa- 
decimal position. The following table shows the com- 
parable values of the three number systems. 


Decimal Binary Hexadecimal 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
O111 
1000 
1001 
1010 
1011 
1100 
1101 
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Decimal Binary Hexadecimal 
14 1110 E 
1S 1111 F 


At this point, all 16 symbols have been used, and 
a carry to the next higher position of the number is 
necessary. 


16 v001 0000 10 
17 0001 0001 11 
18 O0vL 0010 12 
19 0001 0011 13 
20 0001 0100 14 
24 0001 0101 15 


Remember that as far as the internal circuitry 
of the computer is concerned, it understands only 
binary. But an operator can look at a series of lights 
on the computer console showing binary 1's and 0's, 
for example, 0001 1110 0001 0011, and say that 
the lights represent the hexadecimal value 1E13, 
which is easier to state than the string of 1's and 0's. 


NUMBER CONVERSIONS 


Before converting numbers from one system to 
another, it is best to review what a number repre- 
sents. In the decimal system, a number is repre- 
sented or expressed by a sum of terms. Each 
individual term consists of a product of a power of 
ten and some integer from 0 to 9. For example, the 
number 123 means 100 plus 20 plus 3. This may 
also be expressed as: 


(1 x 10%) + (2 x 104) + 3 x 10°) 


Ten is said to be the base or radix of this sys- 
tem. Radix is defined as an integer used in a system 
of notation whereby all numbers are expressed as 
powers of the integer. In the decimal system, the 
radix is 10; in the binary system, it is 2. 

The base, or radix, of a number is expressed 
as a subscript. For example, 123_. is a decimal 
(base-10) number. Thus, 1101001, is a binary num- 
ber, and 437,, is a hexadecimal number. The sub- 
script is usually eliminated when the base is obvious. 

If 2 is chosen as the base, numbers are said to 
be represented in the binary system. Consider the 
number 1 111011. What do these zeros and ones 
represent? They represent the coefficients of the 
ascending powers of 2. Expressed in another way 
the number is: 
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(1x 254 (1x 2°)4 (1 x 24) 4 (1 x 2°) 


+(0 x 2%) + (1 x 24) 4 (i x 2°) 


The places do not have the meaning of units, 
tens, hundreds, thousands, etc., as in the decimal 
system; instead they signify units, twos, fours, 
eights, sixteens, etc. In applying the above informa- 
tion, the decimal number 123 breaks down in both 
systems as: 


DECIMAL BINARY 


1 2 t1i1iizioiti 
f Latent | L_4 (units) 
20(tens) 2 (twos) 
100(hundreds) O(fours) 
123 8(eights) 
= 16(sixteens) 


32(thirty-twos) 
~64(sixty~fours) 
12349 


In the hexadecimal system, a number is repre- 
sented in the same manner, except that the base is 16. 
The digits of the number represent the coefficients of 
the ascending powers of 16. Consider the hexadeci- 
mal number: 


1 Oo 
= 5 (16 
7346 7 (16°) + 5 ( ) 


=112:5 


= 117 
Similarly: 


Hexadecimal 75 


io 5 (units) 


112 (sixteens) 
11755 


By remembering what a number represents in 
the binary or hexadecimal system, you can convert 
the number to its decimal equivalent by the method 
shown. As the numbers get bigger, this method be- 
comes quite impractical. The following section pro- 
vides detailed methods for converting from one system 
to another. 


Integers 


Appendix F is a table for conversion of decimal to 
hexadecimal and hexadecimal to decimal. The use 


of the table is explained in a later section. This and 
the following sections provide conversion methods if 
the table is not available or the number is beyond the 
range of the table. 


Decimal to Hexadecimal 


Rule: Divide the decimal number by 16 and develop 
the remainders in low-order to high-order sequence 
for the hexadecimal number. 


Example. Convert 83916 to its hexadecimal 
equivalent. 


Or= 3 
16)3r = 4 
16)52r = 7 
16) 839 
839 = 347 
10 16 


The original number to be converted is divided 
by 16. The remainder of this first division becomes 
the low-order digit of the conversion (7). The quo- 
tient (received from the first division) is then divided 
by 16. Again the remainder becomes a part of the 
answer (next higher order, 4). This method is con- 
tinued until the quotient is smaller than the divisor. 
The final quotient is considered the high order of 
the conversion (3). 


Hexadecimal to Decimal 

Rule. Multiply high-order hexadecimal digit by 16 
and add next low-order digit to result; multiply sum 
by 16 and add next low-order digit. Repeat process 


until low-order digit of number has been added. 


Example. Convert 347;¢ to its decimal equivalent. 








The high-order digit is multiplied by 16 and the 
next lower-order digit is added to the result. The 
resultant answer is then multiplied by 16 and the 
next lower-order digit is added to the result. When 
the low-order digit has been added to the answer, 
the process ends. 


Alternate Method, Expansion. 


347 0 = 3 (167) + 4 (16') + 7 (16% 


768 + 64 + 7 


Hi} 


= 9 
83 10 


NOTE: In the following examples, where multiplica- 
tion or division is used, detailed explanations are not 
given because the operations are similar to those pre- 
viously described. 


Hexadecimal to Binary 


Rule. Express each hexadecimal number as a binary 
group of four bits. 


Example. Convert 7E9j¢ to its binary equivalent. 


Hexadecimal = 7 E 9 
Binary = O1i1 1110 1001 


Binary to Hexadecimal 


Rule. Express each binary group of four bits as a 
hexadecimal digit. 


Example. Convert 011111101001, to its hexadecimal 
equivalent. 


Binary = Ol111 1110 1001 


Hexadecimal = 7 E 9 


Decimal to Binary 
Rule. Divide the decimal number by 2 and develop 
the remainders in low-order to high-order sequence 


for the equivalent hexadecimal number. 


Example. Convert 149), to its binary equivalent. 
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Or 
ajir 
2jer 
2y4r 
2yor 

2)18r 

2) 37 r 

2) 741 
2) 145 


149, = 10010101 
‘ 10 2 


FPOrRFORrROOF 
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Binary to Decimal 


Rule. Multiply high-order binary digit by 2 and add 

next low-order digit to result; multiply sum by 2 and 
add next low-order digit. Repeat process until low- 

order digit of binary number has been added. 


Example. Convert 10010101, to its decimal 
equivalent. 


% [evel + i. 
NO fbIC RAIN NO NIN 
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Alternate Method, Expansion. 
10010101, = 1(27) + 0(2°) + 0/25) + 1(24) + 0(23) + 1(22) + 024 + 1(2%) 
= 1284164441 


= 149,, 
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Fractions 


In a preceding section, Number Conversions, we re- 
viewed what a number represents, i.e., in the deci- 
mal system, a number is the sum of its radix to the 
power of each position, multiplied by the value of that 
position. Fractions follow the same rules. The deci- 
mal fraction .123 can also be expressed as 1 tenth 
plus 2 hundredths plus 3 thousandths. Since a 
negative coefficient is the fractional power of the 
base, a tenth can be written 107! and a hundredth as 
1072, Thus, it follows that 


1123, = 1(tomty + 210-4) + 3(107>) 


= 1 1 rd. 
7 Mo) * 2050) * *{G00? 


100 + 20+ 3 
= 1000 


= .12349 

By the same reasoning, the binary number 
-00100101 can be represented in the decimal system 
as 


o(27) + 0 (272) + 1(279) + 0(274) + 0(275) + 1(278) + 0(277) + 1(278), 


With the coefficients converted to fractions, the bi- 
nary number becomes 


In the hexadecimal system, the base of 16 with 
negative coefficients represents the same number in 
decimal notation. Thus, -58lig may be stated as 


5(1672) + g(1677) + 1(1679) = 4-8 yb = 1409 gag 
16 256 


Note that the hexadecimal fraction is always larger 
than the decimal equivalent; the opposite is true with 
integers. 


Decimal to Hexadecimal 


Rule. Multiply the fractional part of the decimal 
number by 16 and develop intergers as successive 
terms of the hexadecimal fraction. The hexadecimal 
fraction should be carried out to the number of places 
contained in the decimal fraction. 


Example. Convert. 344, to its hexadecimal 
equivalent. 


- 344 
x 16 
5. 504 
x 16 
8. 064 
x 16 
1,004 


344; = 58146 
Hexadecimal to Decimal 


Rule. Express the hexadecimal numbers as powers 
of 16 (expansion). 


Sample. Convert .581,, to its decimal equivalent. 


16 


581. = 5 (16) + 8 (1677) + 1 (1673 
8 1 


* 256 * 4096 


i 


1409 
4096 


= 34456 


Hexadecimal/Binary Conversions 


Rules for conversions of fractions from hexadecimal 
to binary, and from binary to hexadecimal are the 
same as for integers. 


Decimal to Binary 


Rule. Multiply the fractional part of the decimal 
number by 2 and develop integers as successive terms: 
of the binary fraction. The binary fraction should be 
carried out to three times the number of places in the 
decimal fraction. 


Example. Convert .145_. to its binary equivalent. 
(The example is carried +8 only eight places because 
the ninth term is obviously zero. ) 


Read .145 
x2 

0, 290 
x2 

0. 580 
poe 
1.160 
x2 

0, 320 
x2 

0. 640 
x2 
1,280 
x2 

0. 560 

fem. a 
1,120 


145, = 00100101, 





Binary to Decimal 


Rule. Express the binary numbers as powers of 2 


(expansion). 
Example. Convert . 00100101, to its decimal 
equivalent. 
00100101, = a-3 4 278 , 278 
1 1 1 
= >+ + 
8 64 256 
pi BF 
~ 956 ~ 714546 


Improper Fractions 
Decimal/Binary and Decimal/Hexadecimal 


Since improper fractions are a combination of integers 
and fractions, the elements of the terms are converted 
separately and then combined for conversion from 
decimal to binary, binary to decimal, decimal to 
hexadecimal, and hexadecimal to decimal. 

The example that follows, concerns decimal to 
binary conversion to illustrate the principle involved. 


Example. Convert 149, 145, to its binary equivalent. 
The integer 149), is converted to 10010101, , as 
described under 'Decimal to Binary" in the Integers 
section; the fraction . 145, is converted to 
.00100101,, as described under "Decimal to Binary" 
in the Fractions section. The combined result of the 
two conversions is: 


149, 145,, = 10010101. 00100101 


10 . 2 
Hexadecimal/Binary 


The conversion of improper fractions from hexadeci- 
mal to binary and from binary to hexadecimal is the 
same as described for integers. The numbers to be 
converted are simply expressed in terms of the new 
base. 


Example, Convert 7E9. 4ACi 6 to its binary equivalent. 


7 E 9 . 4 A Cc 


Hexadecimal 


Oi1i1 1110 1001 . 0100 1010 1100 


Binary 


FIXED-POINT AND TWO's COMPLEMENT NOTATION 


A fixed-point number is a signed value, recorded as a 
binary integer. It is calledfixed point because the pro- 
grammer determines the fixed positioning of the binary 
point. 
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Fixed-point operands may be recorded in single 
precision words (16 bits) or double precision words 
(32 bits). In both, the first bit position (0) holds the 
sign of the number, with the remaining bit positions 
used to designate the magnitude of the number. 

Positive fixed-point numbers are represented in 
true binary form with a zero sign bit. Negative 
fixed-point numbers are represented in two's comple- 
ment notation with a one bit in the sign position. In 
all cases, the bits between the sign bit and the left- 
most significant bit of the integer are the same as 
the sign bit (i.e. all zeros for positive numbers, all 
ones for negative numbers). 

Negative fixed-point numbers are formed intwo's 
complement notation by inverting each bit of the posi- 
tive binary number and adding one. For example, the 
true binary form of the decimal value (plus 26) is 
made negative (minus 26) in the following manner: 


S INTEGER 
+ 26 0 0000000 00011010 
Invert 1 1111111 11100101 
Add 1 i 
~26 1 1111111 11100110 (Two's complement form) 


This is equivalent to the subtraction, 


1 00000000 00000000 
- 00000000 00011010 


11111111 11100110 
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The following addition examples illustrate two's 
complement arithmetic and the operation of the carry 
and overflow indicators. To simplify the illustrations, 
only eight bit positions are used. All negative num- 
bers are in two's complement form. 


(+) 41 = 00101001 No overflow and no carry out: 

+ (+) 74 = 01001010 sum is correct 

“@)iis = Ofi1T0 
(+) 84 = 01010100 Overflow into sign position, 
(+) 74 = 01001010 with no carry out: sum is not 
(+) 158 # 10011110 


correct. 


()41 = 11010111 Overflow into sign position 
+) 74 = 10110110 resulted in carry out: sum is 
(-)115 = 10001101 correct, 


(-) 84 = 10101011 
+(-) 74 = 10111110 
(-) 158 # 01100001 


Carry out, with no overflow 
into sign position: sum is not 
correct. 





Since subtraction is performed by changing the sign 
of the subtrahend and adding, the above examples 
also illustrate that function. 


APPENDIX B. REFERENCE SUMMARY 


tOCC Format 


0 18 0 4 8 18 


1/O Function Codes and Modifiers 
1/O Device (Code) Function Modifier Bits 
i C 0 Sets ene ella eet el 
Puen ON ne | Address a Device Function Modifier 
Sense Device Reset Int. Level 4 ind. even locaton nee | 


Console Keyboard (00001) (EA +1) 
Read 
Control (interrupt) 
Sense Device 





Reset Int. Level 4 ind. 


1442 Card Read-Punch (00010) ; ae 
eee Value Ranges - Single Precision Word 


Write 
Positive Binary Values Absolute Values Negative Binary Values 


Control 
Hexa- 


decimal 
Notation 
Base-16 


Stacker Select 
Initiote Read 

Feed Cycle 

Initiate Punch 

Reset Int. Level 4 ind. 
Reset int. Level 0 ind. 


Decimal 
Notation 
Base-10 


Bit Positions 


Wai 
0123 4567 8901 2345 


Sense Device Bit Positions 


Wari 
0123 4567 8901 2345 


1134 Poper Tape Reader (00011) 
1055 Paper Tape Punch (00011) 
Read 


0000 0000 0000 0000 
0000 0000 0000 0001 
0000 0000 0000 0010 
0000 0000 0000 0100 


0000 0000 0000 1000 
0000 0000 0001 0000 
0000 0000 0010 0000 
0000 0000 0100 0000 


0000 0000 1000 0000 
0000 0001 0000 0000 1111 1211 0000 0000 
0000 0010 0000 0000 1111 1110 0000 0000 
0000 0100 0000 0000 1111 1100 0000 0000 


0000 1000 0000 0000 1000 0000 0000 
0001 0000 0000 0000 
0010 0000 0000 0000 
0100 0000 0000 0000 


OVD VT TTD VV 
No positive equivalent 


No negative zero 

Waa aaa 
TEE DTV) TNT 110 
THVT TTT TTT 1100 


VT PTT 1117 1000 
VW1tT 1701 4171 0000 
1113 11171 1110 0000 
V1 1113 1100 0000 


1111 1111 1000 0000 


Write 
Control 
Sense Device Reset Int. Level 4 ind. 
Disk Storage (00100) 
Initiate Write 
Initiate Read 


Sector oddress 

Sector address 

Read operation 
Read-check operation 
Move access forward 
Move access backward 
Reset Int. Level 2 ind. 


Control 


woOMnN OMAW HY—O} 


Sense Device 


1627 Plotter (00101) 
Write 
Sense Device Reset Int. Level 3 ind. 

1132 Printer (00110) 
Read Emitter 
Control Start Printer 

Stop Printer 

Start Carriage 

Stop Carriage 

Space Carriage 

Reset Int. Level | ind. 





Sense Device 





Value Ranges - Double Precision Word 


Console Entry Switches (00111) 


Read 





1/O Device Codes and 
Interrupt Levels 


Core 
Storage 
Level | Address 


1/0 Device 


Console Keyboard 
Console Printer 
1442 Card Read-Punch 


1134 Paper Tape Rdr 
1055 Paper Tape Punch 
Disk Storage 

1627 Plotter 

1132 Printer 

Console Entry Switches 
Program Stop Switch 


—WNhRRODA 


wn 


Reserved Core 
Storage Locations 


Description 


Displacement 


Index Register | 
Index Register 2 
Index Register 3 
Interrupt Addresses 
Printer Image Output 








Positive Binary Values 


Bit Positions 


VW PVT VET) 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 890) 


0000 0000 0000 0000 0000 0000 0000 0000 


0000 0000 0000 0000 0000 0000 0000 0001 
0000 0000 0000 0000 0000 0000 0000 0010 
0000 0000 0000 0000 0000 0000 0000 0100 


0000 0000 0000 0000 0000 0000 0000 1000 
0000 0000 0000 0000 0000 0000 0001 0000 
0000 0000 0000 0000 0000 0000 0010 0000 
0000 0000 0000 0000 0000 0000 0100 0000 


0000 0000 0000 0000 0000 0000 1000 0000 
0000 0000 0000 0000 0000 0001 0000 0000 
0000 0000 0000 0000 0000 0010 0000 0000 
0000 0000 0000 0000 0000 0100 0000 0000 


0000 0000 0000 0000 0000 1000 0000 0000 
0000 0000 0000 0000 0001 0000 0000 0000 
0000 0000 0000 0000 0010 0000 0000 0000 
0000 0000 0000 0000 0100 0000 0000 0000 


0000 0000 0000 0000 1000 0000 0000 0000 
0000 0000 0000 0001 0000 0000 0000 0000 
0000 0000 0000 0010 0000 0000 0000 0000 
0000 0000 0000 0100 0000 0000 0000 0000 


0000 0000 0000 1000 0000 0000 0000 0000 
0000 0000 0001 0000 0000 0000 0000 0000 
0000 0000 0010 0000 0000 0000 0000 0000 
0000 0000 0100 0000 0000 0000 0000 0000 


0000 0000 1000 0000 0000 0000 0000 0000 
0000 0001 0000 0000 0000 0000 0000 0000 
0000 0010 0000 0000 0000 0000 0000 0000 
0000 0100 0000 0000 0000 0000 0000 0000 


0000 1000 0000 0000 0000 0000 0000 0000 
0001 0000 0000 0000 0000 0000 0000 0000 
0010 0000 0000 0000 0000 0000 0000 0000 
0100 0000 0000 0000 0000 0000 0000 0000 
OLLD VATT VDD TDED TEED TTT Vad) 1a 
No positive equivalent 


CON AWNAW HY—O 1 


Absolute Values Negative Binary Values 


Bit Positions 


VW WI 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


Hexidecimal 
Notation 
Base - 16 


Decimal 
Notation 
Base - 10 


No negative zero 
Wait a 
VT 11d) 10 


wy Wiad 
Wi it 1110 
Wad way ad Wi W111 1100 


M1 
WwW 
WwW 
Wd 1d VWI Wd 4111 1000 
WWW Wd da 1111 0000 
Vid) Vad yan 1140 0000 
WN Vay 1100 0000 

W 

Mm 

WwW 


Waban Wit 1000 0000 
256 Wid ddd 1 
512 Va) Vit wit 
1,024 Vis wd Wad Ws 


2, 048 VD Vy Way \ 

4,096 Wd 1111 1111 0000 0000 0000 
8,192 1111 1110 0000 0000 0000 
16,384 t111 1100 0000 0000 0000 


32, 768 1111 1000 0000 0000 0000 
65, 536 1111 0000 0000 0000000 
131,072 1110 0000 0000 0000 0000 
262, 144 1100 0000 0000 0000 0000 


524, 288 1000 0000 0000 0000 0000 
1,048, 576 0000 0000 0000 0000 0000 
2,097, 152 
4,194, 304 


8,388, 608 
16,777,216 
33,554, 432 
67, 108, 864 


134,217, 728 
268, 435, 456 
536,870, 912 
1,073, 741,824 


2,147, 483, 647 
2, 147, 483, 648 


888 S35" ax 
8 8883 8888 8383 8s 


8 8888 88 


1000 0000 0000 0000 0000 0000 0000 
1111 0000 0000 0000 0000 0000 0000 0000 
1110 0000 0000 0000 0000 0000 0000 0000 
1100 0000 0000 0000 0000 0000 0000 0000 


1000 0000 0000 0000 0000 0000 0000 0001 
1000 0000 0000 0000 0000 0000 0000 0000 


7F, FFF, FFF 
80,000, 000 





5] 


Single Precision Data 


Word Format 
ot 


lie See nao ie ae 


Short Instruction 


Format 
0 4se@fse 


Po eee 


Double Precision Data Word Format 












13 01 30 
ue Precision Data Word Formot 
Even Address een ae Odd Address 
(EA) (E A+) 
is Long Instruction Format 





4 sere is 0 13 


it HA Address 


Instruction Codes and Execution Times 









Load and Store 
Load ACC 
Load Double 
Store ACC 
Store Double 
Load Index 
Store Index 
Load Status* 
Store Status 
Arithmetic 
Add 
Add Double 
Subtract 
Subtract Double 
Multiply 
Divide 
And 
Or 
Exclusive Or 
Shift Left* Modifier Bits 8 & 9: 
Shift Left ACC 00 
Shift Left ACC and EXT 10 
Shift Left and Count ACC 01 
Shift Left and Count ACC 
and EXT YW 
Shift Right* Modifier Bits 8 & 9: 
Shift Right ACC 00 or 01 
Shift Right ACC and EXT 10 
Rotate Right 1 


























































Branch 
Branch and Store IAR 
Branch or Skip on Condition 
Modify Index and Skip 
Wait* 






Input.‘Output 
Execute 1/O 


* Valid in short format only 
NOTES: 


1 Indirect addressing, where applicable, 6 
adds 3.6 psec to execution time 


'f branch is taken 

3.6 + .45(N-4) 

7.2 + .45(N-4) 

N>16: 3.6 + .45(N-19) 
N<16: 3.6 + .45(N-4) 


Meh WN 
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Execution Times (in microseconds) 
Single Word (F = 0) Double Word (F = 1) 
Binary 
OP Code 
T = 00 T=01,10,or 11 T = 00 T= 01,10, or 11 
@ ® @ 
| Av | Mow. | aves | mon. | Aves ae 







Mnemonic 



































N 
NON NY ON DO KN 





N 
NNN O&O WON @ N 
Toon ow ww w 










StA @ 
sit @ 
SLCA @ 


®sic @ 














SRA @ 
SRT @ 
RTE @ 







BSI 
BSC 
MDX 

WAIT @ 
















xX! 


N >16: 7.2 + .45(N-19) 

N<16: 7.2 + .45(N-4) 

where N=number of position shifted 

Indirect addressing not allowed 

If T=00, functions as SLA or SLT 

All unassigned OP codes are defined as Wait operations 
If XIO Read or Write, add 3.6 psec 


oMOaN 


F=0 
(Direct 

Addressing) 
EA = Disp + IAR 
EA = Disp + XR1 
EA = Disp + XR2 
EA = Disp + XR3 
Disp = Contents of Displacement field of instuction. 


Add = Contents of Address field of instruction. 
C = Contents of Location specified by Add or Add + XR. 


Effective Address Computation 















F=1, IA=0 
(Direct 
Addressing) 


F=1,1A=1 
(Indirect 

Addressing) 
EA = C/Add 
EA = C/Add + XR] 
EA = C/Add + XR2 
EA = C/Add + XR3 









EA = Add 

EA = Add + XR1 
EA = Add + XR2 
EA = Add + XR3 


Tag Bit Codes 


Tag : F 
















Load Index 00 1AR 
Store Index 0} XRI 
XR2 


XR3 









Shift Left 
Shift Right 


Modify Index 





















and Skip 
F=0 Disp. added to IAR 
Disp. added to XRI 
Disp. added to XR2 


Disp. added to XR3 








added to C 
added to XR1 
added to XR2 
added to XR3 


Disp. 
Add. 
Add. 
Add. 








Disp. added to C 
C added to XR1 
C added to XR2 
C added to XR3 





Disp. = Contents of Displacement field 
of instruction 


Add. = Contents of Address field of instruction 
C = Contents of location specified by Add. 


BSC Condition Codes 


Bit : Condition 
Position 


ACC zero 
ACC negative 

ACC positive, not zero 
ACC even 

Carry Indicator OFF 
Overflow Indicator OFF 














Short Instruction 
Skip if any one condition is true 
No-Op if all bits are zero 


Long Instruction 
Branch if none of the conditions is true 
Unconditional branch if oll bits are zero 


AND, OR, EOR 
Operations 





APPENDIX C. DEVICE STATUS WORD 

















1442 1134 1627 Disk 1132 Console 
1055 Storage 
a ee ee ee ee ee 
Service Read Response Data Read Emitter Program 
Response Response Error Response Stop Key 
Response Punch Reader Operation Skip Interrupt 
Response Response Complete Response Run Mode 
Request Error Busy, Space 
Check Not Ready Response 


0-Keyboard | Last Card Punch Busy Carriage 
Entry Response Busy 
1-Console 
Entry 


Console Keyboard 
Printer 


4 


EE 
























4 , Operation Reader Carriage Print Scan 
5 Printer Busy, Reader Busy, Forms 
Not Ready Not Ready Check 
Keyboard Busy Punch Printer 
Busy Busy 
7 Punch Busy, 
Not Ready 


Carriage 
Control Tape 


Channel No. 
1 





|. 












1442 Busy, 1627 
Not Ready Not Ready 


Sector 
Counts 





nN be) 





53 


APPENDIX D, POWERS OF TWO TABLE 


65 536 
131 072 
262 144 
924 288 


1 048 576 
2 097 152 
4 194 304 
8 388 608 


16 777 216 
33 554 432 
67 108 864 
134 217 728 


268 435 456 
936 870 912 
1 073 741 824 
2 147 483 648 


4 294 967 296 
8 589 934 592 
17 179 869 184 
34 359 738 368 


68 719 476 736 
137 438 953 472 
274 877 906 944 
949 755 813 888 


IQ OF onde © 


_ 
ow © 


11 


12 
13 
14 
15 


16 
17 
18 
19 


20 
21 


23 


24 
25 
26 
27 


28 
29 
30 
31 


32 
33 
34 
35 


36 
37 
38 
39 


07 8125 


0 

0 

0 

0 

003 906 25 
001 953 125 
.000 976 562 5 
0 

0 

0 

0 

0 


00 488 281 25 


00 244 140 625 
.000 122 070 312 5 
00 061 035 156 25 
00 030 517 578 125 


000 015 258 789 062 5 
000 007 629 394 531 25 
000 003 814 697 265 625 
000 001 907 348 632 812 5 


0. 
0. 
0, 
0. 
0. 
0. 
0 
0. 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 


0.000 000 953 674 316 406 25 
0.000 000 476 837 158 203 125 
0.000 000 238 418 579 101 562 5 
0.000 000 119 209 289 550 781 25 


0.000 000 059 604 644 775 390 625 
0.000 000 029 802 322 387 695 312 5 
0.000 000 014 901 161 193 847 656 25 
0.000 000 007 450 580 596 923 828 125. 


0.000 000 003 725 290 298 461 914 062 5 
0.000 000 001 862 645 149 230 957 031 25 
0.000 000 000 931 322 574 615 478 515 625 
0.000 000 000 465 661 287 307 739 257 812 5 


0.000 000 000 232 830 643 653 869 628 906 25 
0.000 000 000 116 415 321 826 934 814 453 125 
0.000 000 000 058 207 660 913 467 407 226 562 5 
0.000 000 000 029 103 830 456 733 703 613 281 25 


0.000 000 000 014 551 915 228 366 851 806 640 625 
0.000 000 000 007 275 957 614 183 425 903 320 312 5 
0.000 000 000 003 637 978 807 091 712 951 660 156 25 
0.000 000 000 001 818 989 403 545 856 475 830 078 125 


APPENDIX E, CHARACTER CODES 















EBCDIC IBM Card Code 


Ref Binary Hex Rows 
“10123 4567 12 1109 8 7-1 


EBCDIC IBM Card Code 


: Graphics and 
Binary Rows Control Names 
0123 4567 12 11 09 8 7-1 
00 






Graphics and 
Control Names 































0 - 0000 0000 09 1 0100 0000 no punches 
1 0001 9 ] 65 0001 12 09 H 
2 0010 9 2 66 0010 12 09 2 
3 0011 9 3 67 0011 12 09 3 
4 0100 9 4 Punch Off 68 0100 12 09 4 
5 0101 9 5 Horiz. Tab 69 0101 12 09 5 
6 0110 9 6 Lower Case 70 0110 12 0 9 6 
7 0111 9 7 Delete 71 0111 12 09 7 
8 1000 9 8 72 1000 12 09 8 
9 1001 98 1 73 1001 12 8 1 
1010 98 2 74 1010 12 8 2 
1011 9 8 3 75 1011 12 8 3 . (period) 
1100 98 4 76 1100 12 8 4 
1101 98 5 77 1101 12 8 5 
1110 98 6 78 1110 12 8 6 
1 98 7 79 111 12 8 7 (logical OR) 








Restore 
New Line 
Backspace 
Idle 






NOOO & ORD = 
NOM WD — 





w30owownowowovosn 


—- (logical NOT) 


DODDMDDMDDODOD 
NOOR WD 





oe wmwOowmMmMmMooc 
NEO On GORD 









By pass 

Line Feed 
End of Block 
Prefix 


NOON RON SS 
0000 OOS 


_ (underscore) 


> 
2 


Oo ooooooocoocoo0co0co°o°0°00o 
fooMooMooMoodesMocd ecole) 
NOOO AWD — 


Punch On 
Reader Stop 
Upper Case 
End of Trans. 


NOOR WON — 


NOOR WN — 
ooooo0o°oo°o oooo°o oooo°o°0eo°o00o 


© 30 O00 0 OO 





(apostrophe) 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


DWMDMMDMDDMOMO® 
NQOOARWOD — 





wmnmnwmwwmnoa 
NOMA OND — 


j 
@ 
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56 


1000 0000 
0001 
0010 
0011 
0100 
0101 
0110 
oil 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
W1 





12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



















oooo0oooocoocoocooocoo0co000 qgooo0o0000o000°o°c°o°oo 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Rows 
09 8 7-1 


8 


Oo 


foo) OOowmwmwocn oo @ anmnwmwwa [eo} 


@ foaMooBocB eel oslo) toe) 


NOOO RWN = — 


EBCDIC IBM Card Code 


Binary Hex 
0123 4567 2011 





NOOR WND — — 


aa _ _ _ 


NOGA WDD 





NOON RON — — 






NOOR WD @ — 
















Graphics and 
Control Names 





Binary 


0123 4567 


1100 0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
WwW 


Hex 
12 
co 12 


foo] ooooooooo°oo°o°ceo0 eo 


o5owow7owowo”vd 


eo WDmnmnowa oo) 


NOOO & WHR — 


NOQOaWN — 


2 
3 
4 
5 
6 
7 
2 
1 
2 
3 
4 
5 
6 
7 


NOOB ONR — 


EBCDIC IBM Card Code 


Rows 


09 8 7-1 


Graphics and 
Control Names 


~~ 


POVOZETCAOT TIO TIAFDyY 


N<xs<coH 


OMNAMNAWN— OO 





(20297 J 


ZS 


Decimal / Hexadecimal Conversion Chart 


The tables printed below are used to convert 
decimal numbers to hexadecimal and hexadeci- 
mal numbers to decimal. In the descriptions 
that follow, the explanation of each step is 
followed by an example in parentheses. 





Decimal to Hexadecimal Conversion. Locate the 
decimal number (0489) in the body of the table. 
The two high-order digits (1E) of the hexadeci- 
mal number are in the left column on the same 
line, and the low-order digit (9) is at the top of 
the column. Thus, the hexadecimal number 1E9 
is equal to the decimal number 0489. 


0444 
0460 
0476 
0492 


0508 


0524 
0540 
0556 
0572 
0588 
0604 
0620 
0636 
0652 
0668 
0684 
0700 


0716 
0732 
0748 
O764 


O780 
0796 
0812 
0828 
0844 
0860 
0876 
0892 
0908 
0924 
940 
0956 
0972 
0988 
1004 
1020 


Hexadecimal to Decimal Conversion. Locate the 
first two digits (1E) of the hexadecimal number 
(1E9) in the left column. Follow the line of fig- 
ures across the page to the column headed by the 
low-order digit (9). The decimal number (0489) 
located at the junction of the horizontal line and 
the vertical column is the equivalent of the hex- 
adecimal number. 





“dt XIGNAddV 


SHHDALNI-ATaVL NOISHAANOO TVIWIOAC VX aH/ TVWIOdG 


8S 


0 
1 
2 
3 
4 
5 
6 
7 


yO Pew 





The table to the left gives the decimal, 
binary, and hexadecimal coding for the full 
range of fourbinary bits, from zero through 
Fig and 1510. 

To convert a four-digit hexadecimal 
number to decimal, determine the decimal 
value of the three low-order hexadecimal 
digits in the main table, and add the value 
for the high-order digit, as shown in the 





extended chart to the right. 

For conversion of decimal values beyond 
the main table, deduct the largest number 
in the table at the right that will yield a po- 
sitive result. The related digit is the high- 
order hexadecimal digit. Determine the 
three remaining hexadecimal digits by con- 
verting the product of the above subtraction 
in the main table. 





6S 






































Decimal to Hexadecimal Conversion. Locate the decimal fraction (.1973) inthe table. If the exact figure 


is not shown, locate the next higher and lower fractions (. 19726563, . 19750977). The first two digits of 
the hexadecimal fraction are at the top of the column (.32). To locate the third digit, determine by obser- 
vation or subtraction the smaller difference between the known fraction and each of the found fractions. 
The smaller difference identifies the correct line (. 008). The hexadecimal equivalent is . 328. 

If the hexadecimal fraction is required to more places, multiply the decimal fraction by 16 and devel- 

op integers as successive terms of the hexadecimal fraction. Using the previous sample decimal fraction: 


1973 

x16 

3. 1568 
x16 - 1973349 = . 328246 

2.5085 

x16 





8. 1360 
x16 
2.1760 














- 00000000 =. 00390625 .00781250 .01171875 .01562500 . 01953125 .02343750 . 02734375 
- 00024414 , 00415039 .00805664 .01196289 .01586914 ,.01977539 , 02368164 ., 02758789 
- 00048828 , 00439453 . 00830078 .01220703 . 01611328 .02001953 .02392578 . 02783203 
. 00073242 , 00463867 . 00854492 .01245117 . 01635742 . 02026367 , 02416992 . 02807617 
. 00097656 , 00488281 .,00878906 . 01269531 .01660156 .02050781 .02441406 , 02832031 
+ 00122070 =, 00512695 .00903320 .01293945 ., 01684570 .02075195 ,02465820 , 02856445 
- 00146484 =, 00537109 =. 00927734 . 01318359 .01708984 .02099609 . 02490234 . 02880859 
- 00170898 , 00561523 , 00952148 .01342773 01733398 , 02124023 , 02514648 ., 02905273 
. 00195313 =, 00585938 .00976563 .01367188 .01757813 .02148438 , 02539063 . 02929688 
00219727 =. 00610352 .01000977 ,01391602 .01782227 .02172852 ,02563477 . 02954102 
- 00244141 =, 00634766 . 01025391 .01416016 .,91806641 .02197266 . 02587891 . 02978516 
- 00268555 , 00659180 . 01049805 .01440430 . 91831055 . 02221680 , 02612305 . 03002930 
- 00292969 , 00683594 .01074219 . 01464844 , 01855469 .02246094 .02636719 . 03027344 
- 00317383 , 00708008 .01098633 .01489258 .01879883 .02270508 ~. 02661133 , 03051758 
- 00341797 =, 00732422) =, 01123047 =. 01513672 +. 01904297 . 02294922 .02685547 =, 03076172 
- 00366211 . 00756836 , 01147461 . 01538086 . 01928711 . 02319336 .02709961 . 03100586 





- 06250000 =, 06640625 .07031250 .07421875 .07812500 .08203125 08593750 , 08984375 
- 06274414 =, 06665039 =. 07055664 + .07446289 .07836914 .08227539 ,08618164 ., 09008789 
- 06298828 . 06689453 .07080078 .07470703 .07861328 .08251953 .08642578 . 09033203 
- 06323242 =, 06713867 =. 07104492 .07495117 . 07885742 . 08276367 . 08666992 , 09057617 
- 06347656 =, 06738281 .07128906 .07519531 .07910156 .08300781 . 08691406 . 09082031 
- 06372070 =, 06762695 =. 07153320 =. 07543945 + .07934570 .08325195 . 08715820 . 09106445 
. 06396484 .06787109 .07177734 .07568359 .07958984 ,.08349609 .,08740234 , 09130859 
- 06420898 =, 06811523 =.07202148 .07592773 .07983398 ., 08374023 . 08764648 ., 09155273 
- 06445313 =, 06835938 =. 07226563 =. 07617188 + . 08007813 ., 08398438 . 08789063 . 09179688 
- 06469727 =, 06860352 =. 07250977 +=. 07641602 +=, 08032227 +. 08422852 .08813477 . 09204102 
- 06494141 =, 06884766 = .07275391 .07666016 .08056641 . 08447266 .08837891 . 09228516 
- 06518555 . 06909180 .07299805 .07690430 _ ,08081055 .08471680 .08862305 , 09252930 
- 06542969 =, 06933594 =, 07324219 =. 07714844 «=, 08105469 =. 08496094 =, 08886719 =, 09277344 
- 06567383 , 06958008 . 07348633 .07739258 . 08129883 .08520508 .08911133 . 09301758 
- 06591797 =, 06982422 =, 07373047 =. 07763672 = 08154297 =. 08544922 +. 08935547 =. 09326172 
- 06616211  . 07006836 . 07397461 . 07788086 .08178711 .08569336 .08959961 . 09350586 

















-12500000 =. 12890625 =. 13281250 =, 13671875 =. 14062500 =. 14453125 =. 14843750 =, 15234375 
. 12524414 =, 12915039 =. 13305664 =, 13696289". 14086914 .14477539 .14868164 . 15258789 
- 12548828 ,12939453 .13330078 .13720703 ,14111328 .14501953 .14892578 , 15283203 
«12573242 =, 12963867 =, 13354492). 13745117 = 14135742 =, 14526367 =, 14916992 +=. 15307617 
12597656 .12988281 .13378906 .13769531 .,14160156 .14550781 .14941406 , 15332031 
«12622070 =, 13012695 =, 13403320) , 13793945 =, 14184570 =. 14575195 =. 14965820 =, 15356445 
. 12646484 §=9.13037109 =, 13427734 =. 13818359 =, 14208984 .14599609 .14990234 . 15380859 
. 12670898 .13061523 .13452148 .13842773 .14233398 .14624023 .15014648 =, 15405273 
. 12695313, 13085938 =, 13476563 =. 13867188 .14257813 .14648438 .15039063 . 15429688 
212719727 =, 13110352) =, 13500977 =. 13891602 §=.14282227 .14672852 .15063477 . 15454102 
212744141 =. 13134766 =, 13525391 +=. 13916016 . 14306641 .14697266 .15087891 .15478516 
. 12768555 =, 13159180 §=. 13549805 =. 13940430 =. 14331055 )=— . 14721680 .15112305 . 15502930 
. 12792969 =, 13183594 =, 13574219, 13964844 §=, 14355469 =. 14746094 15136719 =, 15527344 
- 12817383 =, 13208008 §=§. 13598633. =, 13989258 =. 14379883. 14770508 §=.15161133 =. 15551758 
-12841797 =, 13232422), 13623047 =, 14013672 =, 14404297. 14794922 =. 15185547 =. 15576172 
-12866211 =, 13256836 .13647461 .14038086 .144287i1 .14819336 .15209961 .15600586 





























. 15625000 
. 15649414 .16040039 .16430664 .16821289 .17211914 .17602539 .17993164 . 18383789 
. 15673828 .16064453 .16455078 .16845703 .17236328 .17626953 ,.18017578 . 18408203 
. 15698242 ,16088867 .16479492 .16870117 .17260742 .17651367 .18041992 . 18432617 
.15722656 ,16113281 .16503906 .16894531 .17285156 .17675781 .18066406 .18457031 
.15747070 .16137695 .16528320 .16918945 .17309570 .17700195 .18090820 .18481445 
. 15771484 ,16162109 .16552734 ,16943359 .17333984 .17724609 .18115234 . 18505859 
.15795898 .16186523  .16577148 .16967773 .17358398 ,17749023 ,18139648 .18530273 
.15820313 .16210938 .16601563 .16992188 .17382813 .17773438 .18164063 .18554688 
15844727 =.16235352 «=. 16625977 =. 17016602) =.17407227 =. 17797852 = 18188477 =. 18579102 
15869141 .16259766 .16650391 ,17041016 .17431641 .17822266 .18212891 . 18603516 
. 15893555 .16284180 .16674805 .17065430 .17456055 .17846680 .18237305 .18627930 
15917969 ,16308594 .16699219 .17089844 .17480469 .17871094 .18261719 . 18652344 
15942383 .16333008 .16723633 .17114258 .17504883 .17895508 ,.18286133 . 18676758 
15966797 16357422 .16748047 ,17138672 .17529297 .17919922 .18310547 .18701172 
- 15991211 





Hexadecimal to Decimal Conversion. Locate the first two digits (, 1E) of the hexadecimal fraction (, 1E9), 
in the horizontal row of column headings. Locate the third digit (. 009) in the leftmost column of the table. 
Follow the . 009 line horizontally to the right to the .IE column. The decimal equivalent is .11938477. 

The decimal fractions in the table were carried to eight places and rounded. If 12 places are required, or 
if the hexadecimal fraction exceeds the capacity of the table, express the hexadecimal fraction as powers 
of 16 (expansion). For example: 


. 1E944, = 1(167}) + 14(16-2) + 9(16~3) + 4(16~4) 
= 1(. 0625) + 14(. 00390625) + 9(, 000244140625) + 4(. 0000152587890625) 
= , 119445800761250019 








































. 03125000 ,03515625 .03906250 ,04296875 .04687500 .05078125 , 05468750 , 05859375 
. 03149414 ,03540039 . 03930664 , 04321289 .04711914 .05102539 , 05493164 ., 05883789 
. 03173828 ,03564453 ,03955078  ,04345703 .04736328 .05126953 .05517578 , 05908203 
. 03198242 , 03588867 .03979492 ,04370117 .04760742 .05151367 .05541992 . 05932617 
. 03222656 , 03613281 .04003906 , 04394531 .04785156 .05175781 . 05566406 . 05957031 
. 03247070 , 03637695 .04028320 , 04418945 ,.04809570 .05200195 .05590820 . 05981445 
. 03271484 , 03662109 . 04052734 . 04443359 .04833984 ,05224609 .05615234 ., 06005859 
. 03295898 .03686523 .04077148 . 04467773 .04858398 .05249023 . 05639648 . 06030273 
. 03320313 ,03710938 ,.04101563 .04492188 .04882813 .05273438 .05664063 . 06054688 
. 03344727 + .03735352 .04125977 ,. 04516602 .04907227 .05297852 ,05688477 . 06079102 
. 03369141 .03759766 .04150391 . 04541016 . 04931641 . 05322266 .05712891 . 06103516 
. 03393555 ,03784180 . 04174805 ,04565430 .04956055 . 05346680 ,05737305 , 06127930 
03417969 .,03808594 .04199219 04589844 ,04980469 05371094 .05761719 . 06152344 
. 03442383 =, 03833008 . 04223633 . 04614258 . 05004883 . 05395508 , 05786133 . 06176758 
- 03466797 ,03857422 . 04248047 . 04638672 .05029297 .05419922 ,05810547 =. 06201172 
- 03491211 .03881836 . 04272461 , 04663086 .05053711 . 05444336 05834961 —, 06225586 














. 09375000 .09765625 .10156250 .10546875 .1093750G .11328125 .11718750 , 12109375 
. 09399414 + .09790039 .10180664 .10571289 .10961914 .11352539 .11743164 =. 12133789 
. 09423828 .09814453 .10205078 10595703 .10986328 .11376953) .11767578 12158203 
. 09448242 .09838867 .10229492 ,10620117 .11010742 .11401367 11791992 ., 12182617 
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- 96347656 











» 56372070 























. 96396484 

















» 564208938 








. 96445313 











. 56469727 
- 56494141 
- 96518555 




















2 96542969 

















+ 56567333 

















06591797 

















56616211 


- 62500000 























» 62524414 




















» §20488248 




















, B257T32A42 























, 62997636 




















+ 62622070 

















. 626464384 

















» G267T089% 

















. 62695313 




















e B27T19927, 























» 62744 AL 
» 62768555 




















» 62792969 




















. 62817383 





























» G2841797 

















» G286G6211 














71 


. 44140625 
. 44165039 
. 44189453 
. 44213867 
44238281 
. 44262695 
. 44287109 
44311523 
. 44335938 
. 44360352 
. 44384766 
. 44409180 
. 44433594 
. 44458008 
. 44482422 
. 44506836 


. 81 


, 50390625 
50415039 
, 50439453 
. 50463867 
, 50488281 
50512695 
. 50337109 
, 30561523 
. 50585938 
, 30610352 
, 50634766 
. 50659180 
. 50683594 
. 30708008 
50732422 
, 50756836 


. 56640625 
. 56665039 
« 56689453 
- 56713867 
- 56738281 
. 56762695 
- 56787109 
+ 96811523 
- 56835938 
. 56860352 
« 06884766 
. 569039180 
. 96933594 
- 36952008 
. 96982422 
. 97006536 


» 62890625 


. 62915039 | 


. 62939453 
- 62963867 
262988281 
. 63012695 
- 63037109 
« 63061523 
- 63085938 
. 63110352 
. 63134766 
- 63159180 
. 63183594 
- 63208008 
. 63232422 
. 63256236 











. 72 


-» 44531250 
- 44555664 
. 44580078 
+ 44604492 
. 44628906 
. 44653320 
. 44677734 
. 44702148 
. 44726563 


"| 44750977 


. 44775391 
. 44799805 
« 44824219 
« 44848633 
. 44873047 
. 44897461 
. 82 
- 90781250 
. 50805664 
- 50830078 
« 50854492 
- 50878906 
« 50903320 
- 50927734 
- 50952148 
» 50976563 
. 51000977 
« 51025391 
- 51049805 
. 51074219 
. 51098633 
. 51123047 
51147461 


57031250 
. 57055664 
- 57080078 
- 57104492 
- 57128906 
- 57153320 
+ 57177734 
- 57202148 
. 97226563 
» 57250977 
«97275391 
- 57299305 
« 57324219 
. 57348633 
2 9T3T304T 
- 97397461 










« 63281250 
. 63305664 
- 63330078 
. 63354492 
- 63378906 
- 63403320 
. 63427734 
» 63452148 
. 63476563 
- 63500977 
. 63525391 
- 63549805 
- 63574219 
. 63598633 
. 63623047 
. 63647461 








74 275 
44921875 =, 45312500 =. 45703125 
. 44946289 =. 45336914 =. 45727539 
44970703 , 45361328 ., 45751953 
.44995117 .45385742 , 45776367 
45019531 .45410156 . 45800781 
45043945. 45434570 =. 45825195 
. 45068359 .45458984 . 45849609 
. 45092773 =, 45483398 =, 45874023 
.45117188 ,.45507813  . 45898438 
45141602 =, 45532227 =, 45922852 


» 73 


*,45166016 , 45556641 . 45947266 


45190430 .45581055 . 45971680 
45214844 =, 45605469 =, 45996094 
. 45239258 , 45629883 . 46020508 
45263672 ,45654297 ., 46044922 
. 45288086 .45678711 . 46069336 
. 83 . 84 . 85 
~ 51171875 =, 51562500 ==, 51953125 
. 51196289 =. 51586914 =, 51977539 
51220703 =, 51611328 =, 852001933 
. 51245117 =, 51635742 =, 32026367 
51269531 , 51660156 =, 520350781 
. 51293945 =. 51684570 =, 52075195 
. 51318359 . 51708984 , 52099609 
. 51342773 =, 51733398 =, 52124023 
. 51367188 .51757813 =, 52148438 
91391602 =, 51782227 =, 82172852 
. 51416016 , 51806641 . 52197266 
. 51440430 =, 51831055 =, 52221680 
. 51464844 =, 51855469 =, 52246094 
. 51489258 ,51879883 =, 52270508 
51513672 51904297 =, 5229-4922 
51538086 51928711 =, 52319336 











57421875 57812500 58203125 
. 57446289 =, 57836914 =, 58227539 
. 57470703 57861328  , 58251953 
. 57495117 =, 57885742 =, 58276367 
. 57519531 57910156 =, 58300781 
57543945 =, 57934570 =, 58325195 
. 57568359 .57958984 . 58349609 
. 57592773 =, 57983398 =, 58374023 
. 97617188 58007813 =, 58398438 
57641602 . 58032227 =, 58422852 
6656016 ,58056641 , 58447266 
690430 , 58081055 , 58471680 
0 





5 
Aa) 
57714844, 58105469 =, 58496094 
57739258 =, 58129883 =, 58520508 
297763672 = 5 58154297 =, 5385-44922 
O77 - 58178711 —. 58569336 








63671875 64062500 =, 64453125 
- 63696289 , 64086914 , 64477539 
63720703 , 64111328 , 64501953 
. 63745117 =, 64135742, 64526367 
. 63769531 , 64160156 , 64550781 
63793945 , 64184570 =, 64575195 
- 63818359 , 64208984 , 64599609 
. 63842773 =, 64233398 =, 64624023 
- 63867188 , 64257813 , 64648438 
. 63891602 , 64282227 ., 64672852 
- 63916016 . 64306641 , 64697266 
. 63940430 , 64331055 ., 64721680 
. 63964844 . 64355469 , 64746094 
. 63989258 ., 64379883 , 64770508 
- 64013672 . 64404297 =, 64794922 
. 64038086 , 64428711 , 64819336 


























76 77 


. 46093750 . 46484375 
. 46118164 , 46508789 
.46142578  . 46533203 
.46166992 . 46557617 
.46191406 =, 46582031 
. 46215820 . 46606445 
. 46240234 . 46630859 
. 46264648 . 46635273 
. 46289063 , 46679688 
. 46313477 , 46704102 
. 46337891 , 46728516 
. 46362305 . 46752930 
. 46386719 . 46777344 
.46411133 . 46801758 
. 46435547 46826172 


46459961 . 46850586 


. 86 . 87 


. 52343750 =, 52734375 
52368164 . 52758789 
. 52392578 , 52783203 
. 52416992 =, 52807617 
52441406 =, 52832031 
. 52465820 =, 52856445 
, 52490234 =, 52880859 
. 52514648 =, 52905273 
. 52539063 =, 52929688 
. 52563477 =, 52954102 
. 52587891 =, 52978516 
. 52612305 =. 53002930 
. 92636719 =, 53027344 
. 52661133 =, 53051758 
. 52685547 =, 53076172 
. 52709961 =, 53100586 














58593750 58984375 
. 58618164 59008789 
. 58642578 =, 59033203 
. 58666992 59057617 
. 58691406 59082031 
587135820 8, 59106445 
- 58740234 , 59130859 
. 58764648 =. 59155273 
. 58789063 =, 59179688 
58813477 =, 59204102 
. 58837891  , 59228516 
- 58862305 =, 59252930 
. 58886719 , 59277344 
- 58911133 59301758 
58935547 =, 59326172 
- 98959961 —_, 59350586 


. 





64843750 =, 65234375 
. 64868164 , 65258789 
. 64892578 =, 65283203 
- 64916992 , 65307617 
. 64941406 =, 65332031 
. 64965820 , 65356445 
. 64990234 =, 65380859 
. 65014648 =, 65405273 
- 65039063 =, 65429688 
65063477 =, 65454102 
. 65087891 , 65478516 
- 65112305 =, 65502930 
- 65136719 =, 65527344 
- 65161133, 65551758 
- 65185547 =, 65576172 
- 65209961 —_. 65600586 
































. 78 .79 ~TA . 7B 2 TC 


- 46875000 .47265625 .47656250 .48046875 . 48437500 
. 46899414 .47290039 .47680664 ,48071289 , 48461914 
- 46923828 .47314453 .47705078 .48095703 ., 48486328 
» 46948242 .47338867 .47729492 .48120117 . 48510742 
~ 46972656 .47363281 .47753906 . 48144531 . 48535156 
. 46997070 .47387695 .47778320 ,48168945 , 48559570 
. 47021484 = =,47412109 .47802734 ,48193359 , 48583984 
» 47045898 .47436523 .47827148 .48217773 , 48608398 
~ 47070313) =, 47460938 .47851563 ,48242188 , 48632813 
~ 47094727 =, 47485352 =. 47875977 =. 48266602 =, 48657227 
»47119141 .47509766 , 47900391 .48291016 , 48681641 
» 47143555 =. 47534180 .47924805 =, 48315430 , 48706055 
~ 47167969 ,47558594 .47949219 , 48339844 , 48730469 
«47192383 ,47583008 .47973633 .48364258 , 48754883 
»47216797 47607422 .47998047 .48388672 . 48779297 
«47241211 =, 47631836 =, 48022461 , 48413086 , 48803711 


. 88 . 89 . 8A . 8B . 8C 


. 53125000 =, 53515625 =. 53906250 . 54296875 , 54687500 
«53149414 =, 53540039 =, 53930664) =, 54321289 =, 54711914 
53173828 8, 53564453 =. 53955078 =, 54345703 =. 54736328 
- 53198242 , 53588867 53979492 .54370117 =, 54760742 
53222656 , 53613281 .,54003906 , 54394531 .54785156 
53247070 =,53637695 ,54028320 , 54418945 . 54809570 
- 53271484 = .53662109 . 54052734 . 54443359 =, 54833984 
. 53295898 ,53686523 .,54077148 , 54467773 ., 54858398 
. 53320313 =. 53710938 .54101563 =, 54492188 , 54882813 
. 53344727 =, 5373853520 54125977 =, 54516602 =, 54907227 
- 53369141 ,53759766 ,54150391 , 54541016 =, 54931641 
- 53393555 , 53784180 .54174805 , 54565430 =, 54956055 
- 53417969 ,53808594 ,54199219 . 54589844 , 54980469 
- 53442383 =, 53833008) =, 54223633 =, 54614258 =. 55004883 
. 53466797 =, 53857422, 54248047 =. 54638672 =, 55029297 
- 53491211 = 53881836 =, 54272461 =, 54663086 =, 55053711 

















59375000 59765625 60156250 60546875 =, 60937500 
59399414 .59790039 . 60180664 ., 60571239 ., 60961914 
» 59423828 , 59814453 . 60205078 =, 60595703 =, 60986328 
- 59448242, 59838867 =, 60229492 =, 60620117 ~—, 61010742 
59472656 =, 59863281 =, 60253906) =, 60644531, 61035156 
. 59497070 =, 59887695 ~—,, 60278320 60668945 =, 61059570 
- 59521484 ,59912109 =, 60302734 60693359 =, 61083984 
-» 59545898 .59936523 . 60327148 . 60717773 =, 61108398 
99570313) =, 9960938 =, 60351563) =, 60742188 =, 61132813 
- 59594727 =, 59985352 =. 60375977 =, GO7666C2 ~—, 61157227 
» 59619141 ,60009766 , 60400391 ,60791016  , 61181641 
» 59643555 , 60034180 . 60424805 . 60815430 , 61206055 
- 59667969 =, 60058594 . 60449219 , 60839844 . 61230469 
- 99692383 =, 60083008 ., 60473633 , 60864258 =, 61254883 
- 59716797 ,60107422 , 60498047 , 60888672 ., 61279297 
. 99741211 60131836 ,60522461 , 60913086  . 61303711 














- 65625000 66015625 , 66406250 , 66796875  , 67187500 
. 65649414 , 66040039 , 66430664 . 66821289  , 67211914 
.» 65673828 , 66064453 , 66455078 , 66845703 =, 67236328 
. 65698242 , 66088867 . 66479492 ,66870117 ., 67260742 
» 65722656 . 66113281 . 66503906 , 66894531 . 67285156 
65747070 =. 66137695 . 66528320 ., 66918945 . 67309570 
- 65771484 , 66162109 . 66552734 , 66943359 . 67333984 
. 65795898 .66186523 . 66577148 . 66967773  . 67358398 
- 65820313 =, 66210938 =, 66601563 =, 66992188, 67382813 
» 65844727 =, 66235352 =, 66625977 =, 67016602 ~—s, 67407227 
. 65869141 . 66259766 . 66650391 .67041016 . 67431641 
.- 65893555 , 66284180 .,66674805 .,67065430 . 67456055 
- 65917969 , 66308594 .66699219 .,67089844 , 67480469 
- 65942383 =, 66333008 =. 66723633 =, 67114258 ~—,. 67504883 
. 65966797 , 66357422 , 66748047  , 67138672 , 67529297 
- 65991211 =, 66381836 =. 66772461 ,67163086 . 67553711 














. 7D .7E TF 
- 48828125 , 49218750 .49609375 
- 48852539 8, 49243164 , 49633789 
- 48876953 .,49267578 . 49658203 
. 48901367 , 49291992 , 49682617 
. 48925781 =, 49316406 , 49707031 
- 48950195 . 49340820 , 49731445 
- 48974609 , 49365234 , 49755859 
- 48999023 =, 49389648 , 49780273 
- 49023438 .49414063 , 49804688 
49047852 =, 49438477 =, 49829102 
49072266 , 49462891 , 49853516 
- 49096680 .49487305 ,49877930 
«49121094 =, 49511719 =, 49902344 
- 49145508 =, 49536133 =, 49926758 
- 49169922 49560547 =, 49951172 
- 49194336  , 49584961  , 49975586 

. 8D . 8E . 8F 


- 55078125 
. 55102539 
- 55126953 
» 55151367 
. 55175781 
- 55200195 
. 55224609 
- 55249023 
+ 35273438 
- 55297852 
- 55322266 
- 55346680 
. 55371094 
+ 99395508 
- 55419922 
- 55444336 


61328125 
, 61352539 
. 61376953 
. 61401367 
» 61425781 
« 61450195 
. 61474609 
. 61499023 
. 61523438 
» 61547852 
- 61572266 
. 61596680 
- 61621094 
- 61645508 
- 61669922 
- 61694336 


. 67578125 
. 67602539 
« 67626953 
. 67651367 
. 67675781 
- 67700195 
. 67724609 
. 67749023 
- 67773438 
- 67797852 
. 67822266 
- 67846680 
. 67871094 
. 67895508 
. 67919922 
« 67944336 

















- 55468750 
. 55493164 
» 53517578 
- 55541992 
. 55566406 
- 55590820 
- 55615234 
- 55639648 
+ 55664063 
- 55688477 
- 55712891 
» 99737305 
. 55761719 
. 55786133 
. 55810547 
. 55834961 


- 61718750 
. 61743164 
« 61767578 
- 61791992 
. 61816406 
. 61840820 
. 61865234 
» 61889648 
. 61914063 
» 61938477 
- 61962891 
« 61987305 
. 62011719 
. 62036133 
. 62060547 
. 62084961 


- 67968750 
- 67993164 
- 68017578 
- 68041992 
. 68066406 
- 68090820 
- 68115234 
- 68139648 
- 68164063 
. 68188477 
. 68212891 
- 68237305 
. 68261719 
. 68286133 
- 68310547 
- 68334961 














- 55859375 
- 55883789 
- 55908203 
- 95932617 
- 99957031 
» 55981445 
. 56005859 
- 96030273 
. 56054688 
. 56079102 
- 56103516 
» 56127930 
. 96152344 
. 56176758 
- 56201172 
- 56225586 


- 62109375 
« 62133789 
. 62158203 
. 62182617 
. 62207031 
« 62231445 
- 62255859 
» 62280273 
« 62304688 
. 62329102 
. 62353516 
» 62377930 
» 62402344 
+ 62426758 
» 62451172 
» 62475586 





. 68359375 
. 68383789 
- 68408203 
. 68432617 
- 68457031 
. 68481445 
« 68505859 
- 68530273 
- 68554688 
- 68579102 
. 68603516 
- 68627930 
- 68652344 
- 68676758 
- 68701172 
- 68725586 

















(49) 


. 900 
. O01 
_ 002 
. 003 
. 004 
. 005 
. 006 
~ 007 
~ 008 
009 
000A 
.00B 
~90C 
. 00D 
. O0E 
. OOF 


. 000 
- 001 
. 002 
. 003 
. 004 
. 005 
- 006 
. 007 
. 008 
. 009 
. 00A 
. 00B 
. 00C 
. 00D 
- 00E 
. OOF 


. 000 
. 001 
. 002 
. 003 
. 004 
. 005 
. 006 
. 007 
. 008 
. 009 
. 00A 
. 00B 
- 00C 
.- 00D 
. OOF 
. OOF 


- 000 
-001 
- 002 
. 003 
004 
.005 
- 006 
.007 
- 008 


. BO 
- 68750000 
. 68774414 
- 68798828 
. 68823242 
« 68847656 
« 68872070 
» 68896484 
- 68920898 
- 68945313 
. 68969727 
- 68994141 
. 69018555 
- 69042969 
- 69067383 
. 69091797 
. 69116211 


.CO 


. 75000000 
. 75024414 
. 75048828 
« 75073242 
. 75097656 
« 75122070 
. 75146484 
. 75170898 
. 75195313 
» 75219727 
. 75244141 
. 75268555 
» 75292969 
» 75317383 
. 75341797 
. 75366211 


. DO 
. 81250000 
. 81274414 
. 81298828 
. 81323242 
. 81347656 
. 81372070 
. 81396484 
. 81420898 
. 81445313 
. 81469727 
. 81494141 
. 81518555 
. 81542969 
. 81567383 
. 81591797 
. 81616211 


.E0 


. 87500000 
. 87524414 
. 87548828 
. 87573242 
. 87597656 
. 87622070 
. 87646484 
. 87670898 
. 87695313 
» 87719727 
. 87744141 
. 87768555 
» 87792969 
. 87817383 
- 87841797 
. 87866211 


. BL 


. 69140625 
. 69165039 
. 69189453 
- 69213867 
. 69238281 
« 69262695 
. 69287109 
- 69311523 
. 69335938 
. 69360352 
. 69384766 
. 69409180 
. 69433594 
. 69458008 
- 69482422 


- 69506836 . 


~Cl 


- 75390625 
. 75415039 
. 75439453 
. 75463867 
+ 75488281 
« 75512695 
« 75537109 
- 75561523 
. 75585938 


. 75610352 ° 


. 75634766 
- 75659180 
« 75683594 
« 75708008 
» 15732422 
» 75756836 


.D1 
. 81640625 
. 81665039 
- 81689453 
. 81713867 
. 81738281 
. 81762695 
. 81787109 
. 81811523 
« 81835938 
- 81860352 
. 81884766 
« 81909180 
. 81933594 
. 81958008 
« 81982422 
. 82006836 


El 


. 87890625 
« 87915039 
- 87939453 
- 87963867 
. 87988281 
« 88012695 
- 88037109 
. 88061523 
- 88085938 
- 88110352 
. 88134766 
. 88159180 
. 88183594 
« 88208008 
. 88232422 
» 88256836 


. B2 
- 69531250 
- 69555664 
. 69580078 
. 69604492 
- 69628906 
- 69653320 
. 69677734 
- 69702148 
« 69726563 
- 69750977 
- 69775391 
. 69799805 
- 69824219 
- 69848633 
- 69873047 
- 69897461 


~C2 


. 75781250 
. 75805664 
. 75830078 
. 75854492 
. 75878906 
. 75903320 
. 15927734 
. 75952148 
. 75976563 
. 76000977 
. 76025391 
. 76049805 
. 76074219 
. 76098633 
. 76123047 
. 76147461 


. D2 
. 82031250 
. 82055664 
« 82080078 
. 82104492 
. 82128906 
« 82153320 
. 82177734 
« 82202148 
. 82226563 
« 82250977 
« 82275391 
. 82299805 
. 82324219 
- 82348633 
« 82373047 
. 82397461 


. E2 


- 88281250 
. 88305664 
- 88330078 
- 88354492 
- 88378906 
- 88403320 
- 88427734 
. 88452148 
. 88476563 
« 88500977 
. 88525391 
- 88549805 
. 88574219 
. 88598633 
« 88623047 
. 88647461 


:B3 
. 69921875 
. 69946289 
. 69970703 
. 69995117 
. 70019531 
. 70043945 
. 70068359 
. 70092773 
. 70117183 
. 70141602 
. 70166016 
. 70190430 
. 70214844 
. 70239253 
. 10263672 
. 70288086 

.C3 
. 76171875 
. 76196289 
. 16220703 
. 76245117 
. 76269531 
. 76293945 
. 76318359 
. 76342773 
. 76367188 
. 76391602 
. 76416016 
. 76440430 
. 76464844 
. 76489258 
. 76513672 
. 76538086 


- D3 
. 82421875 
. 82446289 
. 82470703 
. 82495117 
. 82519531 
» 82543945 
« 82568359 
» 82592773 
- 82617188 
. 82641602 
. 82666016 
. 82690430 
- §2714844 
» 82739258 
. 82763672 
. 82788086 


~ E3 


. 88671875 
. 88696289 
. 88720703 
. 88745117 
. 88769531 
. 88793945 
. 88818359 
. 88842773 
. 88867188 
. 88891602 
. 88916016 
. 88940430 
. 88964844 
. 88989258 
. 89013672 
. 89038086 


BA 


- 70312500 
. 70336914 
. 70361328 
« 70385742 
. 70410156 
. 70434570 
. 70458984 
« 70483398 
. 70507813 
. 70532227 
. 70556641 
« 70581055 
. 70605469 
. 70629883 
. 70654297 
. 70678711 


~C4 


« 76562500 
. 76586914 
« 76611328 
. 76635742 
. 76660156 
- 76684570 
« 76708984 
« 76733398 
. 76757813 
« 76782227 
« 76806641 
« 76831055 
. 76855469 
. 76879883 
. 76904297 
» 76928711 


.D4 
- 82812500 
. 82836914 
- 82861328 
. 82885742 
. 82910156 
. 82934570 
- 82958984 
- 82983398 
- 83007813 
- 83032227 
- 83056641 
- 83081055 
- 83105469 
- 83129883 
. 83154297 
- 83178711 

E4 


- 89062500 
. 89086914 
. 89111328 
. 89135742 
- 89160156 
. 89184570 
« 89208984 
- 89233398 
. 89257813 
- 89282227 
- 89306641 
- 89331055 
. 89355469 
, 89379883 
. 89404297 
. 89428711 


. BS 


- 70703125 
» 70727539 
. 70751953 
. 70776367 
. 70800781 
. 70825195 
. 70849609 
« 70874023 
- 70898438 
» 70922852 
. 70947266 
. 70971680 
. 70996094 
- 71020508 
« 71044922 
- 71069336 


~CS5 


. 76953125 
- 76977539 
. 77001953 
« 77026367 
. 77050781 
- 77075195 
- 77099609 
« 77124023 
» 77148438 
» 77172852 
. 77197266 
. 77221680 
« 77246094 
» 77270508 
» 77294922 
- 77319336 


~DS5 
. 83203125 
. 83227539 
- 83251953 
. 83276367 
- 83300781 
- 83325195 
. 83349609 
- 83374023 
. 83398438 
- 83422852 
. 83447266 
. 83471680 
. 83496094 
- 83520508 
- 83544922 
. 83569336 


ES 


. 89453125 
. 89477539 
. 89501953 
. 89526367 
- 89550781 
« 89575195 
. 89599609 
- 89624023 
. 89648438 
- 89672852 
. 89697266 
. 89721680 
. 89746094 
. 89770508 
. 89794922 
- 89819336 


. B6 


. 71093750 
« 71118164 
« 71142578 
« 71166992 
« 71191406 
- 71215820 
« 711240234 
. 71264648 
. 71289063 
« 71313477 
- 71337891 
- 71362305 
. 71386719 
« 71411133 
» 71435547 
- 71459961 


C6 


« 77343750 
- 77368164 
» 77392578 
- 77416992 
. 17441406 
- 77465820 
- 77490234 
» 77514648 
« 77539063 
~ 77563477 
« 77587891 
« 77612305 
« 77636719 
. 77661133 
« 77685547 
- 77709961 


.D6 


. 83593750 
. 83618164 
- 83642578 
. 83666992 
. 83691406 
- 83715820 
. 83740234 
. 83764648 
. 83789063 
- 83813477 
. 83837891 
- 83862305 
. 83886719 
. 83911133 
. 83935547 
. 83959961 


 E6 


« 89843750 
. 89868164 
- 89892578 
. 89916992 
« 89941406 
. 89965820 
- 89990234 
. 90014648 
. 90039063 
- 90063477 
. 90087891 
. 90112305 
- 90136719 
. 90161133 
. 90185547 
. 90209961 


. BT 


« 71484375 
. 71508789 
« 71533203 
» 71557617 
« 71582051 
« 71606445 
« 71630859 
« 71655273 
. 71679688 
- 71704102 
« 71728516 
« 71752930 
. 71777344 
« 71801758 
» 71826172 
- 71850586 


C7 


« 77734375 
« 77758789 
. 77783203 
« 77807617 
« 77832031 
. 77856445 
« 77880859 
« 77905273 
« 77929688 
« 77954102 
« 77978516 
« 78002930 
» 78027344 
. 78051758 
. 78076172 
« 78100586 


.D7 


» 83984375 
. 84008789 
« 84033203 
. 84057617 
- 84082031 
. 84106445 
. 84130859 
- 84155273 
~ 84179688 
- 84204102 
« 84228516 
- 84252930 
« 84277344 
. 84301758 
- 84326172 
. 84350586 


ET 


« 90234375 
- 90258789 
« 90283203 
. 90307617 
. 90332031 
« 90356445 
- 90380859 
« 90405273 
- 90429688 
- 90454102 
. 90478516 
- 90502930 
. 90527344 
. 90551758 
. 90576172 
. 90600586 


. B8 


- 71875000 
. 71899414 
. 71923828 
« 71948242 
« 71972656 
- 71997070 
- 72021484 
« 72045898 
« 72070313 
- 72094727 
» 72119141 
- 72143555 
« 72167969 
« 72192383 
. 72216797 
» 72241211 


~C8 


. 78125000 
. 78149414 
. 78173828 
. 78198242 
. 78222656 
. 78247070 
. 78271484 
. 78295898 
. 78320313 
. 78344727 
. 78369141 
. 78393555 
. 78417969 
. 78442383 
. 78466797 
. 78491211 


.D8 


- 84375000 
. 84399414 
+ 84423828 
. 84448242 
« 84472656 
- 84497070 
. 84521484 
- 84545898 
. 84570313 
» 84594727 
. 84619141 
. 84643555 
. 84667969 
. 84692383 
. 84716797 
. 84741211 


~E8 


. 90625000 
- 90649414 
. 90673828 
« 90698242 
- 90722656 
. 90747070 
. 90771484 
. 90795898 
. 90820313 
- 90844727 
. 90869141 
« 90893555 
. 90917969 
« 90942383 
. 90966797 
- 90991211 


. BY 
. 72265625 
. 72290039 
. 72314453 
. 72338867 
. 72363281 
. 72387695 
. 72412109 
. 72436523 
. 72460938 
. 72485352 
. 72509766 
. 72534180 
. 72558594 
. 72583008 
. 72607422 
. 72631836 


C9 


« 78515625 
« 78540039 
. 78564453 
. 78588867 
. 78613281 
- 78637695 
. 78662109 
- 78686523 
. 78710938 
« 78735352 
. 78759766 
. 78784180 
. 78808594 
- 78833008 
. 78857422 
. 78881836 


- D9 


. 84765625 
- 84790039 
- 84814453 
- 84838867 
. 84863281 
. 84887695 
. 84912109 
. 84936523 
. 84960938 
« 84985352 
- 85009766 
- 85034180 
. 85058594 
- 85083008 
. 85107422 
- 85131836 


. E9 


. 91015625 
- 91040039 
- 91064453 
. 91088867 
» 91113281 
- 91137695 
. 91162109 
. 91186523 
. 91210938 
» 91235352 
. 91259766 
. 91284180 
- 91308594 
- 91333008 
. 91357422 
- 91381836 


~BA 


. 72656250 
. 72680664 
« 72705078 
- 72729492 
- 72753906 
. 72778320 
« 72802734 
- 72827148 
. 72851563 
« 72875977 
. 72900391 
. 72924805 
. 72949219 
. 72973633 
- 72998047 
. 73022461 


CA 


« 78906250 
- 78930664 
. 78955078 
. 78979492 
. 79003906 
- 79028320 
. 79052734 
. 79077148 
» 79191563 
- 79125977 
. 79150391 
- 79174805 
- 79199219 
. 79223633 
- 79248047 
. 79272461 


~DA 


- 85156250 
- 85180664 
- 85205078 
- 85229492 
. 85253906 
. 85278320 
. 85302734 
- 85327148 
- 85351563 
- 85375977 
- 85400391 
- 85424805 
- 85449219 
- 85473633 
- 85498047 
. 85522461 


EA 


- 91406250 
. 91430664 
- 91455078 
- 91479492 
- 91503906 
- 91528320 
. 91552734 
. 91577148 
. 91601563 
- 91625977 
. 91650391 
- 91674805 
- 91699219 
. 91723633 
- 91748047 
. 91772461 


. BB 


. 73046875 
. 73071289 
- 73095703 
. 73120117 
. 73144531 
« 73168945 
- 73193359 
» 73217773 
. 73242188 
. 73266602 
- 73291016 
- 73315430 
. 73339844 
. 73364258 
. 73388672 
. 73413086 


.CB 


- 79296875 
- 79321289 
« 79345703 
- 79370117 
. 79394531 
. 79418945 
- 79443359 
« 19467773 
. 79492188 
. 79516602 
. 79541016 
. 79565430 
- 79589844 
. 79614258 
. 79638672 
. 79663086 


.DB 


. 85546875 
« 85571289 
+ 85595703 
. 85620117 
. 85644531 
. 85668945 
. 85693359 
. 85717773 
. 85742188 
. 85766602 
. 85791016 
. 85815430 
. 85839844 
. 85864258 
- 85888672 
- 85913086 


EB 


. 91796875 
- 91821289 
- 91845703 
. 91870117 
» 91894531 
- 91918945 
- 91943359 
. 91967773 
. 91992188 
«. 92016602 
. 92041016 
- 92065430 
- 92089844 
- 92114258 
- 92138672 
- 92163086 


. BC 


- 73437500 
. 73461914 
- 73486328 
- 73510742 
. 73535156 
. 73559570 
« 73583984 
. 73608398 
. 73632813 
- 73657227 
. 73681641 
. 73706055 
« 73730469 
- 73754883 
» 73779297 
. 73803711 


~CC 


. 79687500 
- 79711914 
» 719736328 
. 79760742 
- 79785156 
. 79809570 
. 79833984 
. 79858398 
. 79882813 
. 719907227 
- 79931641 
. 79956055 
. 79980469 
. 80004883 
- 80029297 
. 80053711 


.DC 


. 85937500 
. 85961914 
- 85986328 
. 86010742 
. 86035156 
. 86059570 
. 86083984 
. 86108398 
- 86132813 
. 86157227 
. 86181641 
. 86206055 
. 86230469 
. 86254883 
» 86279297 
. 86303711 


~EC 


. 92187500 
- 92211914 
. 92236328 
« 92260742 
» 92285156 
. 92309570 
. 92333984 
. 92358398 
» 92382813 
. 92407227 
- 92431641 
- 92456055 
» 92480469 
. 92504883 
- 92529297 
- 92553711 


. BD 
. 73828125 
* 73852539 
. 73876953 
. 73901367 
. 73925781 
. 73950195 
. 73974609 
. 73999023 
. 74023438 
. 74047852 
. 74072266 
. 74096680 
. 74121094 
. 74145508 
. 74169922 
. 74194336 


-CD 


- 80078125 
. 80102539 
. 80126953 
- 80151367 
. 80175781 
- 80200195 
- 80224609 
- 80249023 
- 80273438 
. 80297852 
. 80322266 
- 80346680 
. 80371094 
. 80395508 
- 80419922 
. 80444336 


.DD 


. 86328125 
. 86352539 
- 86376953 
. 86401367 
. 86425781 
. 86450195 
. 86474609 
. 86499023 
. 86523438 
. 86547852 
. 86572266 
. 86596680 
- 86621094 
- 86645508 
. 86669922 
- 86694336 


. ED 


- 92578125 
. 92602539 
- 92626953 
- 92651367 
» 92675781 
. 92700195 
. 92724609 
. 92749023 
- 92773438 
» 92797852 
- 92822266 
- 92846680 
- 92871094 
. 92895508 
- 92919922 
« 92944336 


. BE 


. 74218750 
- 74243164 
« 74267578 
- 74291992 
- 74316406 
- 74340820 
« 74365234 
. 74389648 
- 74414063 
- 14438477 
. 74462891 
. 74487305 
. 74511719 
« 74536133 
. 74560547 
. 74584961 


~CE 


- 80468750 
. 80493164 
- 80517578 
. 80541992 
. 80566406 
- 80590820 
- 80615234 
- 80639648 
. 80664063 
- 80688477 
. 80712891 
. 80737305 
. 80761719 
. 80786133 
. 80810547 
. 80834961 


-DE 


. 86718750 
. 86743164 
. 86767578 
. 86791992 
, 86816406 
. 86840820 
. 86865234 
. 86889648 
. 86914063 
. 86938477 
. 86962891 
. 86987305 
. 87011719 
. 87036133 
. 87060547 
. 87084961 


. EE 


- 92968750 
. 92993164 
« 93017578 
. 93041992 
. 93066406 
- 93090820 
. 93115234 
. 93139648 
. 93164063 
. 93188477 
« 93212891 
- 93237305 
- 93261719 
- 93286133 
- 93310547 
. 93334961 


. BF 


- 74609375 
- 74633789 
- 74658203 
« 74682617 
. 74707031 
. 74731445 
« 74755859 
« 74780273 
. 74804688 
« 74829102 
. 74853516 
» 74877930 
. 74902344 
- 74926758 
» 74951172 
. 74975586 


.CF 


. 80859375 
. 80883789 
» 80908203 
. 80932617 
. 80957031 
- 80981445 
- 81005859 
. 81030273 
- 81054688 
- 81079102 
. 81103516 
« 81127930 
. 81152344 
- 81176758 
- 81201172 
. 81225586 


. DF 


. 87109375 
- 87133789 
+ 87158203 
- 87182617 
. 87207031 
. 87231445 
. 87255859 
- 87280273 
- 87304688 
. 87329102 
- 87353516 
- 87377930 
. 87402344 
- 87426758 
» 87451172 
- 87475586 


EF 


- 93359375 
. 93383789 
- 93408203 
- 93432617 
- 93457031 
. 93481445 
. 93505859 
» 93530273 
. 93554688 
- 93579102 
- 93603516 
- 93627930 
. 93652344 
- 93676758 
. 93701172 
. 93725586 





€9 


.93750000 ,94140625 .94531250 ,94921875 ,95312500 .95703125 .96093750 . 96484375 . 96875000 .97265625 .97656250 .98046875 .98437500 .98828125 .99218750 . 99609375 
.93774414 94165039 .94555664 94946289 ,95336914 .95727539 .96118164 .96508789  . 96899414 .97290039 .97680664 .98071289 .98461914 .98852539 .99243164 . 99633789 
. 93798828 . 94189453 - , 94580078 , 94970703 . 95361328 . 95751953 96142578  . 96533203 . 96923828 . 97314453 . 97705078 . 98095703 . 98486328 . 98876953 . 99267578 . 99658203 
. 93823242 . 94213867 .94604492 .94995117 .95385742 .95776367 .96166992 96557617 - 96948242 97338867 .97729492 ,98120117 .98510742 98901367 .99291992 . 99682617 
. 93847656 , 94238281 , 94628906 , 95019531 , 95410156 . 95800781 . 96191406 . 96582031 . 96972656 » 97363281 . 97753906 . 98144531 . 98535156 . 98925781 . 99316406 . 99707031 
. 93872070 .94262695 .94653320 95043945 95434570 .95825195 .96215820 .96606445  - 96997070 .97387695 .97778320 .98168945 98559570 98950195 , 99340820 . 99731445 
. 93896484 ,94287109 .94677734 ,95068359 .95458984 ,95849609 96240234 . 96630859 +97021484 .97412109 .97802734 ,98193359 .98583984 ,98974609 .99365234 , 99755859 
. 93920898 ,94311523 94702148 .95092773 .95483398 .95874023 .96264648 .96655273 .97045898 .97436523 .97827148 .98217773 .98608398 .98999023 99389648 .99780273 
. 93945313 94335938 .94726563 95117188 .95507813 .95898438 .96289063 .96679688 .97070313 .97460938 .97851563 .98242188 .98632813 . 99023438 99414063 . 99804688 
. 93969727 ,94360352 .94750977 .95141602 .95532227 .95922852 .96313477 .96704102 97094727 .97485352 .97875977 .98266602 .98657227 . 99047852 .99438477 . 99829102 
. 93994141 ,94384766 .94775391 ,95166016 .95556641 .95947266 .96337891 .96728516 .97119141 .97509766 .97900391 .98291016 .98681641 99072266 , 99462891 . 99853516 
.94018555 .94409180 .94799805 ,95190430 95581055 .95971680 .96362305 .96752930 . 97143555 .97534180 .97924805 . 98315430 .98706055 ,99096680 99487305 ., 99877930 
. 94042969 94433594 .94824219 95214844 .95605469 .95996094 ,96386719 . 96777344 ~-97167969 .97558594 .97949219 .98339844 .98730469 .99121094 .99511719 . 99902344 
. 94067383 .94458008 . 94848633 .95239258 .95629883 ,96020508 ,96411133 ,96801758  -97192383 .97583008 .97973633 . 98364258 .98754883 .99145508 99536133 . 99926758 
.94091797 94482422 94873047 . 95263672 .95654297 .96044922 .96435547 ,96826172 -97216797 .97607422 .97998047 ,98388672 .98779297 ,99169922 .99560547 99951172 
. 94116211 .94506836 .94897461 .95288086 .95678711 .96069336 .96459961 .96850586 -97241211 .97631836 .98022461 . 98413086 .98803711 .99194336 . 99584961 . 99975586 





Access mechanism, disk storage, 19 
Access time, disk storage, 20 

ACC (accumulator), 5 

Accumulator, console display panel, 27 
Accumulator extension (EXT), 5 
Accumulator extension, console display panel, 27 
Add (A) instruction, 9 

Add double (AD) instruction, 9 

Add to memory, with MDX instruction, 13 
Addition, 5 

Address bits in instruction, 4 

Address field, IOCC, 14 

Addressing core storage, 2 

Alphabetic, console function light, 28 
Alphabetic mode, console keyboard, 25 
AND instruction, 9, 52 

Arithmetic factor, console display panel, 27 
AFR (Arithmetic Factor register), 5 
Arithmetic functions, 5 

Arithmetic instructions, 9 

Arithmetic tables in number systems, 42 


Backspace key, console keyboard, 25 
Binary mode, computer operation in, 43 
Binary number system, 43 
Binary numbers, negative, 2 
Binary numbers, positive, 2 
Binary to decimal conversion, fractions, 48 
Binary to decimal conversion, integers, 47 
Binary to hexadecimal conversion, fractions, 48 
Binary to hexadecimal conversion, integers, 46 
Branch and Store IAR (BSI) instruction, 12 
CPU-generated in interrupt operation, 15 
Branch instructions, 11 
Branch or Skip on Condition (BSC) instruction, 11 
Condition codes, 11, 52 
in interrupt operation, 16 
Busy indicator 
Console printer, 24 
Disk storage, 22 
Keyboard, 25 
1134, 36 
1055, 36 
1132 Carriage, 40 
1132 Printer, 40 
1442, 34 
1627, 39 


Capacity, core storage, 2 
Capacity, Disk storage, 19 

Card feeding procedure, 1442, 30 
Card punching procedure, 1442, 32 
Card punching speed, 1442, 30 
Card reading procedure, 1442, 32 
Card reading speed, 1442, 30 
Carriage control tape, 40 


INDEX 


Carriage Home indicator, disk storage, 22 
Carry indicator, 5 

CPU time, disk storage, 20 

Changing disk storage cartridge, 20 
Channel interrupt and indicator, 1132, 40 
Character codes 


Summary, 55 
1134, 35 
1055, 35 


Clock timer (T), console display panel, 27 
Condition register, console display panel, 27 
Console, 22 

Display panel, 26 

Entry switches, 28 

Function switches and lights, 28 

Keyboard, 24 

Printer, 23 
Console display panel, 26 

Accumulator, 27 

Accumulator extension, 27 

Arithmetic factor, 27 

Clock timer (T), 27 

Condition register, 27 

Control functions, 27 

CE lights, 27 

Cycle control counter, 27 

Instruction address, 26 

Interrupt levels, 27 

Machine cycle (I, E), 27 

Mode switch, 28 

Operation register, 27 

Operation TAGS, 27 

Parity indicator, 27 

Storage address, 26 

Storage buffer, 27 

Wait indicator (W), 27 
Console Entry switches (CES), 28 
Console function lights, 28 
Console function switches, 29 
Console keyboard, 24 

Alphabetic mode, 25 

Backspace key, 25 

Console/Keyboard switch, 25 

Control instruction, 26 

Data format, 24 

DSW, 26 

EOF key, 25 

Erase Field key, 25 

Function keys, 25 

Iocc, 26 

Interrupt request, 26 

Interrupt Request Key, 25 

Interrupts, 26 

Keyboard Response interrupt, 26 

Keyboard Select light, 25 

Mode key, 25 


Numeric mode, 25 

Operating procedure, 25 

Programming, 26 

Read instruction, 26 

Restore key, 25 

Sense Device instruction, 26 
Console/Keyboard indicator, 25, 26, 29 
Console printer, 23 

Busy indicator, 24 

Data coding, 23 

Data format, 23 

DSW, 24 

Iocc, 24 

Interrupt, 24 

Not Ready indicator, 24 

Programming, 24 

Sense Device instruction, 24 

Write instruction, 24 
Control function, console display panel, 27 
Control instruction 

Console keyboard, 25 

Console printer, 24 

Disk storage, 16 


1134, 36 
1132, 39 
1442, 33 


Conversion, number systems, 46 
binary to decimal, 47, 48 
binary to hexadecimal, 46, 48 
decimal to binary, 46, 48 
decimal to hexadecimal, 46, 47, 57 
hexadecimal to binary, 46, 48 
hexadecimal to decimal, 46, 48, 57 
Core storage 
Addressing, 2 
Capacity, 2 
Memory cycle (time), 2 
Reserved locations, 2, 51 
CE lights, console display panel, 27 
Cycle Control counter, console display panel, 27 
Cylinder, disk storage, 19 


Data checking, disk storage, 20 
Data coding 

Console printer, 23 

1442, 30 
Data format 

Console keyboard, 23 

Console printer, 23 

Double precision word, 2, 51 

Negative binary numbers, 2 

Positive binary numbers, 2 

Single precision word, 2, 51 
Decimal number system, 3, 42 
Decimal to binary conversion, fractions, 48 
Decimal to binary conversion, integers, 46 
Decimal to hexadecimal conversion, fractions, 47 
Decimal to hexadecimal conversion, integers, 46, 57 
Device field, IODD, 14 
Device status word (DSW), 16, 52 


Console keyboard, 25 
Console printer, 24 
Disk storage, 16 


1134, 37 
1055, 37 
1132, 40 
1442, 34 
1627, 39 


Direct addressing, 6 
Disk assembly, 19 
Disk Busy indicator, disk storage, 22 
Disk Not Ready indicator, disk storage, 22 
File Ready, console function light, 28 
Disk storage,’ 16 
Access mechanism, 19 
Access time, *20 
Capacity, 19 
Carriage Home indicator, 22 
CPU time, 20 
Changing cartridge, 20 
Control instruction, 21 
Cylinder, 19 
Data Check indicator, 22 
Data checking, 20 
DSW, 22 
Disk assembly, 19 
Disk Busy indicator, 22 
Disk Not Ready indicator, 22 
Error correction routines, 22 
Functional description, 19 
Initiate read, 21 
Initiate write, 21 
Iocc, 21 
Interrupt, 22 
Modulo 4 check, 20 
Operation Complete indicator, 22 
Operation Complete interrupt, 22 
Organization of data, 20 
Programming, 21 
Programming considerations, 22 
Read/Write time, 20 
Read instruction, 21 
Read-Check instruction, 21 
Sector, 19 
Sector count, 22 
Sense Device instruction, 22 
Timing, 20 
Track, 19 
Displacement bits, instruction, 3 
Display core storage (DISP), mode switch, 28 
Divide (D) instruction, 9 
Division, 5 
Double precision word, data format, 2, 51 
Double precision word, value ranges, 4, 51 
Effective address (EA) generation, 6, 52 
EOF key, console keyboard, 25 
Erase Field key, console keyboard, 25 
Error Check indicator 
Disk storage, 22 
1442, 34 
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Error correction routines, disk storage, 22 
Exclusive OR instruction, 10, 52 

Execute I/O (XIO) instruction, 14 

EXT (accumulator extension), 5 

Extemal Clock indicator, console display panel, 27 


F-bit indicator, console display panel, 27 
F-bit in instruction, 3, 52 

Feed cycle, Console instruction, 1442, 33 
Fixed-point, two's complement notation, 48 
Fractions, conversion, 47 
Format-bit, see F~bit 


Forms Check, console function light, 28 








- Forms Check indicator, 1132, 40° 
Function code, IOCC, 14, 51 
Function keys, console keyboard, 25 
Function lights, console, 28 
Function switches, console, 28 
Functional characteristics, 1130 System, 2 
Functional description 

Console keyboard, 24 

Console printer, 23 

Disk storage, 16 


1134, 35 

1055, 35 

1132, 39 

1442, 30 

1627, 37 
Hexadecimal number system, 3, 44 
Hexadecimal to binary conversion, fractions, 48 
Hexadecimal to binary conversion, integers, 46 
Hexadecimal to decimal conversion, fractions, 48 
Hexadecimal to decimal conversion, integers, 46, 57 


Improper fractions, conversion, 48 
Index registers, 4 
Index registers in EA generation, 6 
Indicators 
ACC, 5 
Console display panel, 26 
Console printer, 23 


Disk storage, 22 


1134, 37 
1055, 37 
1132, 41 
1442, 34 
1627, 39 


IA (indirect addressing), 6 
IA bit in instruction, 4 
Initiate Read, disk storage, 21 
Initiate Write, disk storage, 21 
Input/Output Control Command (IOCC), 14 
Console keyboard, 26 
Console printer, 24 
Disk storage, 21 


Format of, 14, 51 
1134, 36 
1055, 36 
1132, 40 
1442, 33 
1627, 38 
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I/O device codes, 
I/O instructions 
interrupt, 15 
Iocc, 14 
Execute I/O (XIO), 14 
Input/Output operations, 13 
Instruction 
Address, console display panel, 26 
Address bits, 4 
Codes and execution times, 
Displacement, 3 
F-bit, 3, 52 
Formats, 3 


14, 51 


8, 52 


“TA bit, 4 
Long format 
OP code, 3 
Short format, 3, 52 
TAG bits, 3, 52 


Instruction Address Register (IAR), 5 
Console display panel, 26 
in EA generation, 6 
Integers, conversion, 45 
Interrupt, 15 
BSI, CPU-generated, 15 
BSC, 16 
Console keyboard, 26 
Console printer, 24 
DSW, 16, 53 
Disk storage, 22 
Identification of, 16 
Indicator, console display panel, 26 
Level codes, 15, 51 
Level Status Word (ILSW), 15 
Nesting, 16 
Philosophy, 15 
Program operation, 15 
Recognition procedure, 17 


1134, 37 
1055, 37 
1132, 40 
1442, 33 
1627, 39 


Interrupt Level Status Word (ILSW), 15 
Interrupt request, console keyboard, 26 
Interrupt Request key, console keyboard, 25 
Interrupt run (INT RUN), console Mode switch, 


Keyboard, also see console keyboard 

Keyboard interrupt procedure, CES, 28 
Keyboard Response interrupt, console keyboard, 
Keyboard Select, console function light, 28 
Keyboard Select light, console keyboard, 25 


Last Card indicator, 1442, 34 

Last card procedure, 1442, 33 

Level-O interrupts, 1442, 34 

Level-4 interrupt, 1442, 34 

Load ACC (LD) instruction, 7 

Load and Store instructions, 7 

Load core storage (LOAD), console mode switch, 
Load Double (LDD) instruction, 7 

Load Index (LDX) instruction, 7 


28 


26 


28 


Load IAR, console function switch, 29 

Load Status (LDS) instruction, 7 

Logical AND (AND) instruction, 9, 52 

Logical Exclusive OR (EOR) instruction, 10, 52 
Logical OR (OR) instruction, 10, 52 

Long instruction, EA generation, 6 

Long instruction format, 4, 52 


Machine cycle (I, E), console display panel, 27 
. Machine registers, 5 

Manual entry procedure, CES, 28 

Manual start procedure, console keyboard, 25 
Memory cycle (time), core storage, 2 

Mode key, console keyboard, 25 

Mode switch, console display panel, 27 

Modify Index and Skip (MDX) instruction, 13 
Modifier-bit indicators, console display panel, 27 
Modifier codes, 51 

Modifier, IOCC, 14 

Modulo-4 check, disk storage, 19 
Multiplication, 5 

Multiply (M) instruction, 9 


Nesting of interrupts, 16 
No-Op with BSC instruction, 12 
No-Op with MDX instruction, 13 
Not Ready indicator 
Console printer, 24 
Disk storage, 22 
1134, Reader, 37 
1055, Punch, 37 
1627, 39 
Not Ready or Busy indicator, 1442, 34 
Number concept, number systems, 42 
Number systems, 42 
Arithmetic tables in, 42 
Binary, 43 
Conversion of, 45 
Decimal, 3, 42 
Fixed-point and 2's complement notation, 48 
Hexadecimal, 3, 45 
Number concept, 42 
Quinary, 42 
Numeric mode, console keyboard, 25 
Numeric, console function light, 29 


Operating characteristics, 1627, 37 

Operating procedures, console keyboard, 25 
Operating procedures, 1442, 30 

Operation (OP) code, in instruction, 3 
Operation Complete indicator, disk storage, 22 
Operation Complete interrupt, disk storage, 22 
Operation Complete interrupt, 1442, 34 

OP (operation) register, 5 

Operation register, console display panel, 27 
Operation TAGS, console display panel, 27 
Operation 


1134, 36 
1055, 36 
1130System, 7 
1132, 42 
1627, 38 


Organization, disk storage, 18 
Overflow indicator, 5 


Paper tape punch, see 1055 
Paper tape reader, see 1134 
Parity Check, console function light, 28 
Parity indicator (P), console display panel, 27 
Parity Run/Stop, console function switch, 29 
Plotter, see 1627 Plotter 
Plotter Response interrupt, 1627, 39 
Powers of two table, 54 
Print Scan Check indicator, 1132, 40 
Printer, see console printer, 1132 printer 
Program Load, console function switch, 29 
Program load, 1134, 35 
Program load procedure, 1442, 32 
Program operation, interrupt, 15 
Program Run (RUN), console mode switch, 28 
Program Stop, console function switch, 29 
Program Stop interrupt, console, 29 
Programming 

Console keyboard, 26 

Console printer, 24 

Disk storage, 21, 22 


1134, 36 
1055, 36 
1132, 40, 41 
1442, 33 
1627, 38 


Punch Busy indicator, 1055, 37 
Punch Not Ready indicator, 1055, 37 
Punch Response interrupt, 1055, 37 
Punch Response Interrupt, 1442, 34 


Quinary number system, 42 


Read-Check instruction, disk storage, 21 
Read Emitter instruction, 1132, 40 
Read instruction 

Console keyboard, 26 

Disk storage, 21 

1134, 36 

1442, 33 
Read instruction procedure, CES, 28 
Read Response interrupt, 1442, 34 
Read/Write time, disk storage, 20 
Reader Busy indicator, 1134, 37 
Reader Not Ready indicator, 1134, 37 
Reader Response interrupt, 1134, 37 
File Ready, console function light, 28 
Reference summary, 51 
Registers, 4 
Request interrupt, keyboard, 26 
Reserved locations, core storage, 2, 51 
Reset, console function switch, 29 
Response interrupt 

Console Printer Service, 24 

Keyboard, 26 

1134 Reader, 37 

1055 Punch, 37 

1132 Read Emitter, 40 

1132 Skip, 40 
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1132 Space, 40 
1442 Read, 34 
1442 Punch, 34 
1627 Plotter, 39 
Restore key, console keyboard, 25 
Run, console function light, 28 
Rotate Right ACC and EXT (RTE) instruction, 11 


Sector count, disk storage, 22 

Sector, disk storage, 19 

Sense Device instruction 
Console keyboard, 26 
Console printer, 24 
Disk storage, 22 


1134, 37 
1055, 37 
1132, 41 
1442, 33 
1627, 39 


Sense Interrupt, XIO instruction, 15 
Shift instructions, 10 
SLC instruction in interrupt identification, 16 
Shift Left ACC (SLA) instruction, 10 
Shift Left ACC and EXT (SLT) instruction, 10 
Shift Left and Count ACC (SLCA) instruction, 11 
Shift Left and Count ACC and EXT (SLC) instruction, 11 
Shift Right ACC (SRA) instruction, 11 
Shift Right ACC and EXT (SRT) instruction, 11 
Short instruction, EA generation, 6 
Short instruction format, 3, 51 
Single instruction (SI), console mode switch, 28 
Single precision word, data format, 2, 51 
Single step (SS), console mode switch, 27 
Single memory cycle, console mode switch, 27 
Space Carriage, Control instruction, 1132, 41 
Special characters, 1132, 39 
Speed 

Card punching, 1442, 30 

Card reading, 1442, 30 

Paper tape punching, 1055, 35 

Paper tape reading, 1134, 35 
Stacker Select, Control instruction, 1442, 33 
Start Carriage, Control instruction, 1132, 41 
Start Printer, Control instruction, 1132, 40 
Start Punch, Control instruction, 1442, 33 
Start Read, Control instruction, 1442, 33 
Program Start, console function switch, 29 
Stop Carriage, Control instruction, 1132, 41 
Stop Printer, Control instruction, 1132, 40 
Program Stop, console function switch, 29 
Storage address, console display panel, 26 
SAR (storage address register), 5 
Storage buffer, console display panel, 27 
SBR (storage bufferregister), 5 
Store ACC( STO) instruction, 7 
Store Double (STD) instruction, 7 
Store Index (STX) instruction, 7 
Store Status (STS) instruction, 7 
Subtract Double (SD) instruction, 9 
Subtract (S) instruction, 9 
Subtraction, 5 
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TAG (operation tag register), 5 

TAG-Bit indicators, console display panel, 27 
TAG bits, in instruction, 3, 52 

TAG bits in MDX instruction, 13 

TAG bits in Shift instructions, 10 

TAR (temporary accumulator), 5 

Timing, disk storage, 20 

Track, disk storage, 19 

Two's complement, fixed-point notation, 48 


Unconditional branch, with 

BSI instruction, 12 

BSC instruction, 12 

LDX instruction, 7 

MDX instruction, 13 
Undefined OP codes in instructions, 13 
Value ranges, double precision word, 4, 51 
Value ranges, single precision word, 3, 51 


Wait instructions, 13 
Wait indicator (W), console display panel, 27 
Write instruction 

Console printer, 24 


1055, 36 
1442, 33 
1627, 39 


1134 Paper Tape Reader, 35 
Character code, 35 
Control instruction, 36 


DSW, 37 
Indicators, 37 
Iocc, 36 
Interrupt, 37 


Operation, 36 

Program load, 35 

Read instruction, 36 

Reader Busy indicator, 37 
Reader Not Ready indicator, 37 
Reader Response interrupt, 37 
Sense Device instruction, 37 
Speed, paper tape reading, 35 


1055 Paper Tape Punch, 35 
Character code, 35 


DSW, 37 
Indicators, 37 
Iocc, 36 
Interrupt, 37 


Operation, 36 

Punch Busy indicator, 37 

Punch Not Ready indicator, 37 
Punch Response interrupt, 37 
Sense Device instruction, 37 
Speed, paper tape punching, 36 
Write instruction, 36 


1132 Printer, 39 
Control instruction, 40 
DSW, 40 


Functional description, 39 
Operation, 40 

Programming, 40 
Programming considerations, 41 
Read Emitter instruction, 40 
Sense Device instruction, 41 
Special characters, 39 


1442 Card Read-Punch, 30 
Busy indicator, 34 
Card feeding procedure, 30 
Card punching procedure, 32 
Card reading procedure, 32 
Control instruction, 33 
Data coding, 30 
DSW, 34 
Error Check indicator, 34 
Feed Cycle, Control instruction, 33 
Indicators, 34 
IOcc, 33 
Interrupts, 33 
Last Card indicator, 34 
Last card procedure, 33 
Level-O interrupts, 34 
Level-4 interrupt, 34 
Not Ready or Busy indicator, 34 
Operating procedures, 30 


Operation Complete interrupt, 34 
Program load procedure, 32 
Programming, 33 

Punch Response interrupt, 34 

Read instruction, 33 

Read Response interrupt, 34 

Sense Device instruction, 33 

Speed, card punching, 30 

Speed, card reading, 30 

Stacker Select, Control instruction, 33 
Start Punch, Control instruction, 33 
Start Read, Control instruction, 33 
Write instruction, 33 


1627 Plotter, 37 


Busy indicator, 38 
Control codes, 38 


DSW, 39 
Indicators, 39 
Iocc, 38 
Interrupt, 39 


Not Ready indicator, 39 
Operating characteristics, 37 
Operation, 38 

Plotter Response interrupt, 39 
Programming, 38 

Sense Device instruction, 39 
Write instruction, 39 
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